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DISCLAIMER

This Military Operations Research Society proceeding report summarizes the
findings of a Mini-Symposium conducted over four days by experts, users and
participants interested in joint experimentation. It is not intended to be a
comprehensive treatise on the subject. It reflects the major concerns, insights,
thoughts and directions of the participants at the time of the mini-symposium.

CAVEATS

e The Military Operations Research Society does not make nor advocate
official policy.

e Matters discussed or statements made during the Mini-Symposium
were the sole responsibility of the participants involved.

o The Society retains all rights regarding final decisions on the content
of this mini-symposium proceeding
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The Military Operations Research Society (MORS)

The purpose of the Military Operations Research Society (MORS) is to enhance the
quality and effectiveness of classified and unclassified military operations research. To
accomplish this purpose, the Society provides media for professional exchange and peer
criticism among students, theoreticians, practitioners and users of military operations
research. These media consist primarily of the traditional annual MORS Symposia
(classified), their published abstracts or proceedings, special mini-symposia, workshops,
colloquia and special purpose monographs and other publications. MORS publishes two
quarterly periodicals, PHALANX and Military Operations Research. PHALANX is the
MORS bulletin and Military Operations Research is a referred journal. The forum
provided by these media is directed to display the state of the art, to encourage consistent
professional quality, to stimulate communication and interaction between practitioners
and users, and to foster the interest and development of students of operations research.
In performing its function, the Military Operations Research Society does not make or
advocate official policy nor does it attempt to influence the formulation of policy.
Matters discussed or statements made during the course of its symposia or printed in its
publications represent the positions of the individual participants and authors and not of
the Society.

The Military Operations Research Society is operated by a Board of Directors consisting
of 30 members, 28 of whom are elected by vote of the Board to serve a term of four
years. The persons nominated for this election are normally individuals who have
attained recognition and prominence in the field of military operations research and who
have demonstrated an active interest in its programs and activities. The remaining two
members of the Board of Directors are the Immediate Past President who serves by right
and the Executive Vice President who serves as a consequence of his position. A limited
number of Advisory Directors are appointed from time to time, usually for a one-year
term, to perform some particular function.

MORS is Sponsored by:
e The Deputy Under Secretary of the Army (Operations Research)
e The Director, Assessment Division, Office of the Chief of Naval Operations

e The Director of Command and Control, Deputy Chief of Staff, Air and Space
Operations, US Air Force

e The Commanding General, Marine Corps Combat Development Command
e The Director of Force Structure, Resources and Assessment, The Joint Staff
e The Director Program Analysis and Evaluation, Office Secretary of Defense
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Executive Summary

Background

The DoD has embarked upon an
ambitious program of experimentation to
support the transformation of the
military to meet the 21* Century mission
challenges. There is limited expertise
and experience in designing, conducting
and exploiting the results of large-scale
experiments. The analytical community
has much to offer but needs to adapt its
methods, approaches and tools in order
to support this program of Joint
Experimentation. The goal of this
special MORS meeting, attended by
approximately 200 people, was to
contribute to planning, conduct and
exploitation of Joint Experimentation by
leveraging the experience and expertise
of the analytical community. The mini-
symposium was designed to educate the
DoD analytical community about the
nature of military experimentation,
recently completed events, experimental
plans and the issues involved and future
challenges. The workshop was designed
to identify critical issues and develop
conclusions and recommendations to
improve Joint Experimentation. A
unique aspect was the full participation
of the US Atlantic Command (ACOM),
the DoD’s executive agent for Joint
Experimentation. ACOM’s participation
helped ensure that the workshop focused
upon issues of concern — and 1s
expected to facilitate the adoption of the
workshop’s recommendations.

Mini-Symposium Synopsis
Given the diversity of the participants,

the significant number of ongoing
activities related to Service

experimentation and the quickly moving
program in Joint Experimentation, it was
felt that the workshop needed to be
preceded by a mini-symposium to bring
participants up to speed and achieve a
common level of understanding of the
issues. Presentations by LTG Keane,
DCINC, ACOM, and Maj Gen Peppe,
J9, ACOM, acquainted participants with
an overview of the goals and objectives
of Joint Experimentation and current
plans. Mr. Eash, DUSD (Advanced
Concepts and Systems), provided
information about the ACTD program.
Mr. Starry, IDA JAWP, discussed the
generation of concepts to be explored by
Joint Experimentation. Dr. Alberts,
(OASD(C3I)), discussed the nature of
OR and challenges of Joint
Experimentation. Three Service panels
were convened. The first addressed
Service Experimentation, the second,
Service Laboratories and related
activities, and the third addressed how
the Services were structuring to work
with ACOM on Joint Experimentation.

Workshop Organization

Workshop participants were organized
into six working groups. A working
group was assigned to each of the phases
of experimentation: planning, design,
preparation and conduct and
analysis/exploitation of results. In
addition, a working group looked at how
modeling and simulation could
contribute to each of these phases of
experimentation. There was also a
synthesis working group that looked for
common findings across these working
groups and provided an independent
assessment of the major issues.



Major Findings
Nature of Joint Experimentation

The scale and complexity of Joint
Experimentation currently envisioned
presents its own set of challenges. These
challenges are compounded by
widespread cultural and organizational
implications. With the goal of creating,
nurturing and maturing innovative
operational concepts and applications of
technology, Joint Experimentation will,
in order to be successful, require an
unprecedented change to the status quo.
This report will focus on only one
dimension of change, the one that affects
the way we plan, design, conduct and
utilize the results of “experimental”
campaigns and events. Change is
required because the purpose and nature
of experimentation is different from the
purposes and natures of exercises, tests,
evaluations and demonstrations that we
are so used to conducting.

Joint Experimentation is an iterative
process of collecting, developing,
exploring and maturing concepts to
identify, demonstrate and recommend
value-added solutions for changes to
DOTMLP (Doctrine, Organization,
Training, Materiel, Leadership, and
Personnel) to achieve significant
advances in future joint operational
capabilities. Discovery is an integral
part of this process, as is the testing of
hypotheses and the use of
experimentation to demonstrate a
capability. Given these different aspects
of experimentation, the various
community “cultures” brought to the
Joint Experimentation table need to
adapt new values, ideas and methods.
Notions of what constitutes success and
failure, the role of the assessor, the

tradeoffs between free-play and control
all need to be examined in a new light.

Central to the effective synthesis of on-
going Service and Joint Experimentation
into a coherent body of knowledge is the
ability of all in the community to
communicate effectively with one
another. Differences in culture and
language make this quite difficult. A
common understanding of the nature of
experimentation, the development of a
new “experimental culture” and a
universal lexicon of terms would go a
long way to addressing these problems.

Turning Lessons Recorded into
Lessons Learned

There is a growing body of “lessons
recorded” coming out of Service
experimentation. These lessons cover
every phase and aspect of
experimentation including the time 1t
takes to plan, the process for screening
experimental hypotheses and issues
associated with conduct and assessment.
Several “show stoppers” have been
identified which alone can significantly
degrade the utility of an experiment.
Two key examples are: 1) failure to train
the participants to an appropriate level of
proficiency on either the systems or the
concepts, or 2) failure to ensure that the
experimental infrastructure (the systems)
is properly functioning. Either of these
failures can prevent the needed data
collection, thus making the experimental
results meaningless. In addition, many
relatively small things can go wrong
with an experiment. While any single
one may not derail the train, the
combination of many “duck bites” can
seriously degrade the value of the
experiment. Having at least a
preliminary Code of Best Practice



(COBP) and access to lessons recorded
during similar events could make a big
difference in the outcome.

Leveraging Experimental Events

Particularly in the next few years, the
Joint Experimentation Plan relies heavily
on its ability to leverage a large number
of Service events. Given resource and
schedule constraints, the concept of
leveraging is very attractive in theory.
However, based on the military
community’s experience, it is very
difficult in practice and the results are
usually disappointing. To improve the
chances of success, a number of
important prerequisites must be satisfied.
They include high-level agreements on
objectives and priorities, written MOUs,
integrated planning and conduct,
deconfliction of scenario events and
controllables and adequate resources and
training.

Organize for Success

Given the iterative nature of
experimentation and the complex
interactions among design, conduct and
assessment activities, it is critical to have
a single integrated team stay with an
experiment from concept to completion.
The same is true for the development
and maturation of a concept that
involves synthesizing the results from
many experimental events. It is
recommended that the ACOM J9
consider reorganizing to accomplish this.

Need for Balanced Experimentation

It has been noted that many experiments
have not achieved a proper balance
among pre-experiment activities, the
conduct of the experiment and post-

(V3)

experiment activities. As a result of
insufficient resources being applied to
the pre- and post- phases of experiments,
experiments have not been as well
focused, instrumented and/or executed
as they could have been, and the data
collected was not analyzed as thoroughly
as it could have been. The bottom line is
that there was a reduced ability to draw
conclusions or reduced confidence in the
conclusions that were drawn. Both pre-
and post-experiment activities can
contribute significantly to success by
focusing on the interesting parts of
scenario space and by performing “what
if” and sensitivity analyses to leverage
the limited observations obtained during
the “live” part of the experiment. This is
an extension of the model-test-model
paradigm developed by the OT&E.

Balance is also needed across the
functional components of
experimentation. Insufficient resources
and time given to training and
assessment, for example, can seriously
impair an experiment’s ability to provide
useful results.

Education and Training

Almost without exception there has not
been adequate education and training for
participants. All participants need to
understand what the experiment is all
about, what to expect, and how to be
proficient in their assigned roles. This
includes the users of experimental
results, the director of the experiment,
the players, controllers and assessors.
Lack of education and training can be a
real “show stopper.” It is recommended
that education and training be conducted
and that levels of understanding and
proficiency be assessed as adequate




before an experiment is allowed to
proceed.

Planning

To ensure that experiments are
successful, adequate attention needs to
be paid to each of the following: concept
development, concept exploration and
refinement and the development of an
experimental strategy. “Concept
development” involves defining a
statement of an idea expressing how
something might be done that may
eventually lead to an accepted
procedure. Concept development begins
with meta-analysis and matures through
an iterative process employing OR tools.
It makes assumptions in terms of
environment, threat and timelines, and it
determines, describes and defines the
concept components in terms of
DOTMLP implications, the continuum
of military operations, the relationship to
other concepts and the critical
implications for change. “Concept
exploration” expands and revises the
concept based on iterative reviews and
analysis. It can include seminars and
workgroups and it typically decomposes
components to 1dentify/validate
questions, issues and high-level
performance measures. “Concept
refinement” expands and iteratively
revises the concept through limited
objective experiments to resolve issues,
and can include integrated simulation
experiments and integrated field
experiment(s). “Experimentation
strategy” development expands and
questions the issues that underpin the
concept and prioritizes the focus for
design of experiments and related
events, and sets the scope and bounds of
the design.

Preparation and Conduct

The key to successful execution is early
identification and scoping of the
objective of the experiment, related
issues and hypotheses. J94 Operations
Division is staffing a comprehensive
cradle-to-grave task list for the
preparation and conduct of joint
experiments to address the following:
1. An objective review process that
includes resource implications 1s
essential for prioritizing issues and
hypotheses.

2. Resources and timelines must be
identified early on and be realistic.

3. Scenario development must
accommodate the stated hypotheses
and receive CINC approval and
Services’ buy in.

4. Senior leadership should be briefed
early in the planning process on the
objectives and scope of the
experiment to right-size
expectations.

5. In a model-exercise-model
experiment, sufficient time must be
provided for the pre- and post-
exercise modeling activities.

6. Plans must be established for
deployment and setup of the
experiment infrastructure and its
maintenance during execution,
paying special attention to the care
and feeding of experimenters,
computers and communications.

7. Data collection requirements must be
developed 6-9 months prior to the
experiment in order to permit
development of long lead-time
instrumentation and automated
collection tools.

8. Database development must be
accomplished early by analysts and
modelers working together.



9. An end-to-end pilot test of the
supporting infrastructure to collect
and process the data must be
conducted before start of the
experiment.

10. Sufficient time to conduct surveys
and interviews of unit leadership
must be coordinated early to ensure
leader availability during and
immediately after execution.

11. Visitor protocol should be
established through a resourced
visitor bureau to ensure proper
treatment of VIPs and other visitors
and to properly manage expectations
of all concerned.

12. A hot-wash process during
experiment execution must be
established to provide adequate daily
feedback to senior leadership and
capture insights while fresh.

13. Analysis and reporting of the
experiment should be conducted
through post-event analysis
workshops to include a wider
analytic community in the final
analysis.

Design of Experiments

Proper scoping and attention to
managing the uncontrollable and
confounding variables are the keys to
success. The experimental design must
focus upon the collection of the data
necessary to support the objectives of the
experiment whether they are discovery,
hypothesis testing and/or demonstration.
A Full spectrum Analysis employing
Modeling techniques, tools and
Experiments (FAME) needs to be
utilized in the pre-experiment phase to
focus the effort by identifying critical
variables, the ranges of interest and the
potential confounding effects as an input
to the design process. Control is

inherently difficult to achieve due to the
large number of systems, processes and
events that are an integral part of Joint
Experiments. Statistical control
techniques should be employed to
mitigate this situation. The effects of
learning need to be recognized and
accounted for in the design of the
experiment. The design of the
experiment should explicitly consider
the analyses that are to take place in the
post-experiment phase so that small
sample sizes can be “augmented” by
analysis, model results and simulation
runs.

Modeling and Simulation

A suite of models, including federations
of models, needs to be brought to bear.
Different models will be appropriate in
each of the phases of an experiment. The
current state of the art of modeling and
simulation does not support the
representation of ill-defined or
understood processes (e.g., cognitive
decision processes, chaotic behavior,
information operations). Decision
makers need to be educated on the
limitations of modeling and simulation
in general and on the assumptions and
limitations of specific models so that
they can better understand the results. In
these cases modeling can be used to
capture knowledge as it is developed and
to express hypotheses. It is important
that the right model be selected for a
particular task. Explicit selection criteria
should be developed and employed for
this purpose. The need for model
credibility is a driver in the selection of
which model(s) to use. Currently it is
difficult to gain Joint acceptance for a
model developed in one Service. Itis
important that we develop a joint
approach for validating models that




represent the future for use in Joint
Experimentation.

Assessment and Utilization of Results

The value of an experiment depends, in
large measure, upon the technical quality
of the assessment, the credibility of the
assessment process and the
“actionability” of its results. A quality
control process with “checks and
balances” is needed to ensure quality.
Experiments are not tests and a
distinction needs to be made between
assessment with a small “a” and
assessment with a large “A.” The
former being an “enterprise” approach to
assessment that is appropriate for
experimentation vice the latter
“independent test” mindset. In the small
“a” approach the assessment team 1s
fully integrated into the experimental
planning, design and conduct. Given the
importance of assessment to the overall
Joint Experimentation process, adequate
time and resources are needed to get the
most out of each experiment and results
need to be documented in a way that
facilitates their utilization. An important
aspect of assessment is the ability to
produce very rapid feedback concerning
progress on experimental objectives. To
ensure that the need for speed does not
degrade the quality of any “quick-look”
assessment, the assessment team must
develop a plan and a capability for
accomplishing timely preliminary
assessments and to educate decision
makers and participants regarding the
caveats associated with these
preliminary assessments. A “spiral”
assessment process 1s recommended that
tailors assessment activities to the
various stages of experimentation (e.g.,
discovery, hypothesis testing,
demonstrations). This will ensure that

appropriate methods and tools used as a
concept are taken from the initial
formulation and are explored, refined
and matured to the point where they can
become a fielded operational capability.

The Way Ahead

We have concluded that experimentation
(and especially large-scale
experimentation) is an essential element
of any strategy to transform the DoD
into a relevant and capable 21% century
force. Experimentation is a valid
construct. If it is done well, the results
will be more effective mission capability
packages that leverage information
superiority to achieve JV2010. Doing it
well will require that adequate attention
1s paid to assessment and validation of
results. Experimentation on this scale is
new to the DoD. It is not without its
risks, but the workshop concluded that
these risks are far outweighted by the
potential of experimentation to bring out
the best in new and emerging concepts,
and to expedite the fielding of
significantly improved capabilities. The
pace of technological change mandates
that DoD embrace new methods to move
forward, and early activity suggests that
we are on the right track and should hold
the course.
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Working Group Participants

Design of Experiments (DoE)
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WG Chair: Bob Sheldon

WG Co-chair: Daniel Serfaty
ACOM Representative: CAPT Aaron Johnson
Synthesis Group Members: Dick Hayes and Clayton Thomas, FS

The WG consisted of DoE statistical experts, representatives from academia (AFIT and
NPS), senior military operations research analysts, as well as analysts with experience in
large service field experiments.



Design of Experiments (DoE)
Key Issues and Questions mRS

L LTER OFERATITNS BEETATI

Concept Experimentation Strategy

» DoE = Campaign Design, Not Event Design
e What is a Good Campaign Design (in the Joint
Context)?
— Control vs. realism of experiment

— Full-Spectrum Analysis, Modeling and
Experimentation (FAME ): covers solution space

e How do we conduct FAME?

— Continuous design incorporating M-T-M-T-M...

— Hierarchy or ladder of Issues-Decision-Arguments-
Hypotheses-Experiments-Measures

DoE is really a campaign design, not just an event design. So, what constitutes a good
campaign design in the Joint context? We know what a good experimental design
is...however, in the joint context (i.e., field exercise events), obtaining a good experimental
design (e.g., randomized, orthogonal, factorial design) may not be feasible. So, what does a
good design mean in this context? And, how do we obtain a good design?

We place an emphasis on Full-spectrum Analysis, Modeling and Experimentation (FAME).
FAME is the complete set of experiments (wargames, discussions, seminars, constructive/
virtual/ live simulations, analytic models, ...), both before and after the field experiment (the
“event”). In other words, it IS the Campaign. Design is not locked up-front, but evolving.

The campaign design should flow from the issues (a shortfall in capability), which lead to the
Decisions that need to be made (purchase technology X, implement CONOPS Y). These
Decisions will be based on arguments (what is needed to make the decision, what is in
dispute). The arguments should be used to generate hypotheses about something unknown
(technology X provides improved capability); these hypotheses lead to experiments which
confirm, reject or enable us to refine the hypotheses based on some measure (MOP, MOE).

One thing we need to avoid is unwarranted enthusiasm for the event results.



Design of Experiments (DoE)
Lessons Learned From Large Field

Experiments (1 of 2)

Field events do not replace operational testing requirements
— Large numbers of systems
— Large number of uncontrolled variables
— Small sample sizes
e Late arriving issues / initiatives to field events do not allow
adequate training and skew data collection

* A Review Process is needed to preclude immature experimental
systems; balanced with development timelines having realistic
risk assessments

e Conduct at least one complete end-to-end rehearsal
* Only one organization to collect and process data

There are many relevant lessons learned from service warfighting experiments that apply to
Joint Experimentation.

Experiments provide early user input on mature technologies, but do not replace operational
testing. The large number of systems involved in the experiment does not allow
identification of the individual system contribution. They also provide a large number of
uncontrolled variables such as weather, terrain, leader decisions, force mix, etc. The limited
number of iterations does not provide sufficient iterations to determine suitability. *“Credit”
must be allowed for the data collected during experiments to reduce future test costs.

Late arriving issues/initiatives do not allow adequate training and skew collected data. In
order to collect valid data, personnel involved must be trained to effectively employ the
issues/initiatives. Adequate MOE/MOPs and instrumentation must be in place to effectively
collect and evaluate the issue/initiatives. If Subject Matter Experts (SME) are employed to
collect qualitative data, they must be tasked, trained and effectively positioned to provide the
insights necessary to evaluate the issue/initiative.

A rigorous “Experiment Review” process is needed to preclude immature experimental
systems; balanced with development timelines having realistic risk assessments. Immature
systems require extensive contractor support to keep them operational or must involve
significant simulation. These technologies disperse the data collection and analysis efforts.
As planning for the large field experiment progresses, systems not meeting their
developmental timelines need to be dropped and efforts concentrated on the more mature
technologies.

To insure a successful experiment, at least one complete end-to-end rehearsal must be
conducted including the actual player units, full up data collection and analysis. While, the
rehearsal might not have the same duration as the experiment, the rehearsal must walk
through every aspect of data collection and analysis. The unit must be comfortable with the
instrumentation, data collectors and SMEs. The unit must be evaluated for adequate training
on all issues and initiatives; data management plans finalized; and MOE/MOPs validated.

The experiment must achieve unity of data collection. The unit must deal with only one
organization that will collect and process data. The analysts need one point of contact to
optimize data elements to insure adequate data is collected. The data management
organization must optimize the data collection plan to provide the analysts with the most data
with minimal disruption of unit operations. The data collection organization will deliver the
analysts one consolidated database.

10



Design of Experiments (DoE)
Lessons Learned From Large Field

Experiments (2 of 2)

WLTAAr GFEATIINS ARSI S0C N

» Big Event orientation constrains derived value
* Archive raw data for future experiments

* Must have common language. Define experiment,
demonstration...

e Need both quantitative and qualitative data to
conduct full spectrum analysis

* Analysis of field events should be based on
mission completion, not time lines. Time should
be allowed for unanticipated complications.

Optimal experimentation requires small, coordinated, well-focused events, but cost
forces consolidation. Smaller experiments will minimize the deficiencies previously
mentioned, but experiments must have enough control to insure valid data. Leveraging
numerous events without control wastes time and money. Too much consolidation
makes analysis extremely difficult. Therefore, experimentation is optimized on cost to
get the most data for the dollar.

All services must develop a method to archive raw data for future experiments. Once
the final report is written, most participants, including civilians, move on to other tasks
and the data is lost. This data was collected at great expense and needs to be retained
for future use. Testers can leverage the experiment data to save money. Program
managers can analyze the data to improve the equipment over time. In a series of
experiments, a trend can be identified if the data is available.

As more joint experiments are conducted, the services must have common language.
Currently, each service defines experiment, demonstration, etc., a different way. Each
definition means a different level of data collection and analysis effort as well as
realism. In order to coordinate efforts and communicate findings, a common language
needs to be developed.

To conduct full spectrum analysis, analysts need both quantitative and qualitative data.
Quantitative data will tell the analysts and decision maker that something happened, but
qualitative data is required to explain why it happened. This is especially critical in
most C4 initiatives as information is used differently by each decision maker.

Analysis of field events should be based on mission completion, not timelines. Models
crash and cannot support a command post exercise. Weather prevents missions from
being accomplished. The data must still be collected to effectively analyze
issues/initiative. Redundant events should be scheduled during the experiment to insure
adequate data at the end of the experiment. Status of the data collection plan must be
monitored daily to insure all the data requirements are met at the end of the experiment.
If a certain data element is not going to be collected, risk assessment must be conducted
to determine if the experiment must be changed to insure the appropriate data is

collected. Time must be allowed in the schedule for unanticipated complications.
11




Design of Experiments (DoE)
Full-Spectrum Analysis, Modeling and —
Experimentation (FAME ) mR:

Wargames Constructive Virtual Live
& Seminars Studies Studies | | Experiments

v

Combat

THE RESEARCH AND ANALYSIS CAMPAIGN
FOR EXPERIMENTATION

Joint Experimentation should be seen as a campaign of events that uses different
environments and tools as a process for understanding or discovery of knowledge about
questions relating to decisions that will be made. Although the campaign will be
conducted differently for each experiment, we might expect to initiate concept
development through wargames, seminars or discussions to define first abstractions and
identify initial issues.

As the concept takes form, a concept mode! should be defined that describes the processes,
equipment, organization, procedures and information flow initially required. As dynamic
issues are identified, the campaign might move into studies that are based on constructive
simulations. Such simulations are useful in examining physics-based phenomena in which
mathematical relationships are known. They can run literally millions of iterations
allowing the investigation of phenomena under the variance of selected variables.
Constructive simulations can also be used to explore process definitions and flows and to
help bound the decision space for virtual and live experiments.

Some issues, particularly those involving human performance are so complex that they are
not amenable to constructive studies; in these cases, we need to employ human-in-the-loop
methodologies. Virtual studies are particularly important for examining system integration
issues where decisions are integral to the effective functioning of systems. Also, there are
other issues that require investigation of a concept in a field situation. These include
larger integration issues (e.g., the integration of large organization) and issues of stress and
realism that cannot be replicated in a constructive simulation environment.

Different environments and tools of varying fidelity are needed because no one tool or
environment has all the attributes required to answer all the questions required for a
successful experiment. Resource and safety constraints are driving factors in using a
campaign rather than a single environment.

12



Design of Experiments (DoE)

MERS
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Concept Experimentation Strategy

Spiral Flow

Experimentation design is a continuous process that should begin with concept selection by
the warfighting sponsor. The concepts are winnowed down to a select few that can be
experimented with. Once we identify the concept to study, we can determine key
warfighter questions that must be answered. Then the experiment can be designed (i.€.,
hypotheses, variables, resources, etc.) around these questions, taking assessment, integration
and training into account including the objectives of numerous supporting experiments. An
execution plan for each supporting experiment must be developed which may be a seminar,
wargame, and constructed or virtual model.

“Red Teaming” is a critical aspect of the execution plan.

To react to experimental discovery, the plan or the concept itself must be revisited after
completion of each supporting experiment to ensure proper coverage of warfighters’
questions and feasibility of continued experimentation. The designs of small and large field
experiments must draw upon results of the earlier experiments. The field experiments,
combined with earlier experimental results, lead to action, more discovery and further
experimentation.

The spiral continues until the warfighters’ questions have been sufficiently answered — i.e.
the main concept has been accepted or rejected. DOTMLP actions must be assigned to
implement recommended changes based upon the experimental results.

13




Design of Experiments (DoE)
Recommendations (1 of 2) mRS

TUTAY SR 3 B8R

* Focus on Campaign Plan for Research and
Analysis, not just Field Experiments

» Campaign Plan Informed by Sense of Potential
Decisions “Model” must include: Human Wargames, ...

* Emphasize Model-Test-Model (M-T-M-T-M...)

— Assure coverage of “scenario space” and
“technical/operational issue space”

— Big field tests used for integration, gathering special
hard-to-get knowledge, and demonstration

» Use FAME
» Use Red Teaming throughout

Develop a campaign plan informed by a sense of potential decisions (e.g., regarding feasibility
and desired nature of a very-rapid JTF capability).

Research relevant studies, operational training data, etc., to focus or structure
hypotheses.

Emphasize Model-Test-Model (M-T-M) paradigm that assures coverage of “scenario
space” and “technical/operational issue space,” with big field tests used for
integration, gathering special hard-to-get knowledge and demonstration.

For M-T-M to be real, treat BOGSATSs, map games, etc., as “models”; achieve this by
structuring the insights gained from these techniques. M-T-M with only standard
constructive models would omit key sources of innovation (e.g., the human-in-the-
loop).

Full-spectrum Analysis, Modeling and Experimentation (FAME). The purpose of
analysis and modeling is to gain, record and transmit knowledge about the full space,
not just to prepare for and exploit field experiments.

Red Teaming is an integral part of the entire process.
Plan to assure having, for “constructive” models:

— Multi resolution model families — from closed-form models, spreadsheets,
through entity-level simulation

— Interactive modes to assure innovation and red teaming

— Decision and behavior models to represent alternative human actions seen in
interactive work and field experiments.

For analysis, plan to assure having:
~ Exploratory analysis in breadth (across scenario space)
— In-depth analysis where most needed

— Analysis to inform improvement of higher-level constructive models based on
hires work and field experiments, and vice versa.

14



Design of Experiments (DoE)
Recommendations (2 of 2)

» Assessment and Design Groups Must Work
Together

— Campaign design requires more then forward
linkage to assessment

» Seek Top-to-Bottom Motivation and Coherence
— Hierarchical operational objectives
— Hierarchical functional objectives
* Training: Integral Part of Campaign Design
— Subjects need training for unbiased results
— Types: task, technology, procedure, team

e Campaign design requires more than linkage to experiment assessment. We need to
actively close the loop on the M-T-M paradigm, i.e., we need to fold the results back into
the model.

e Seek top-to-bottom motivation and coherence.
— Hierarchical operational objectives:

Starting with DoD-specified operational challenges (e.g., early halt or
effective intervention in a 1991-Bosnia-like situation);

Continuing with subordinate operational challenges, recursively (e.g.,
establishing immediate theater C2, C4ISR, missile defense...)

— Hierarchical functional objectives:
Starting with, e.g., global command and control architecture

Continuing recursively with subordinates (e.g., worldwide comm suitable
for all classes of military operations)

o Training is necessary for the experiment participants to include task, technology,
procedure and team training. This is required to provide accurate results from the
experiment and ensure relevant feedback from the participants.
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Design of Experiments (DoE)

Agenda

Tuesday, 9 March 1999, 1330-1700
— Introductory comments
— Presentation/ discussion
* Paul Davis, RAND
* Gary Coe, IDA/JJAWP
Wednesday, 10 March 1999, 0800-1200
— Presentation/ discussion
* Tom Lucas, NPS
* LTC Pete Davidson, OPTEC
* Wednesday, 10 March 1999, 1300-1700
— Presentation/ discussion
* Daniel Serfaty, Aptima
* Col. Jack Jackson, IDA/JAWP
Thursday, 11 March 1999, 0800-1200
— Presentation/ discussion (includes preparing outbrief slides)

Slides for most of the briefings are provided in the appendix.
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Design of Experiments (DoE)
Suitability Matrix

Environment  Example Detail Human Sample Size Control Adaptability
& Fidelity Elements

Wargames Global . Y . G
/Seminars Peced
Non- CAST- = '
interactive FOREM Y Y —g-'

Model

Interactive ~ JANUS Y Y Y Y .
Virtual STOW G Y i Y G
Live NTC . G“ . t G
Combat Desert o . .

Storm G_ Y

ATTRIBUTES OF EXPERIMENTATION ENVIRONMENTS

Joint Experiments cannot be conducted in one environment using one tool; rather a broad
array of environments and tools are required for successful experimentation.

Hypothesis adjudication is a challenging task because no combat model can be presumed to
accurately predict the outcomes of real combat. Indeed, due to safety restrictions and lack
of knowledge of future threats, even live simulations must be regarded as, at best, weakly
predictive. Here is a framework for understanding how to use weakly predictive models for
quantitative/ qualitative insights to help design analysis to adjudicate hypotheses. In
general, hypothesis adjudication will require that different experiments be conducted in
different environments.

This matrix displays the strengths and weaknesses of several attributes of experimentation
environments. Green cells indicate that the environment (row) has good capability related
to the attribute (column). Yellow and red cells represent moderate and poor capabilities.
This matrix is an example of how to view a sample of attributes of various environments
and it is not intended to represent the full spectrum of possibilities.

Most events do not formally include non-interactive constructive models. Exclusion of
non-interactive constructive models severely restricts the ability to performn many
experiments, examine the effects of many different variables and scenarios, control of
nuisance factor, manipulate stimuli and replicate results. Moreover, as constructive
simulations are less dependent on the training proficiency of the solders as well as
unreliable (as least, not fully tested) hardware and software, they are well suited to
compensate for some of the problems introduced by training.

The explicit use of relatively inexpensive environments (wargames, seminars and
constructive simulations) (as compared to virtual and live simulations) should be considered
to supplement the other test environments to strengthen the adjudication of concept
hypotheses.



Design of Experiments (DoE)
The Experimentation Design Cube mRS

Type of Experimentation

- New Missi

: ‘:i%'re Shor

Reason

The REASON (front face of cube) for developing any new concept and entering into an
experiment can be categorized as either attempting to (1) satisfy a New Mission, (2)
alleviate a known Future Shortfall in capability — or discover if one exists, or (3)
examine the introduction of a Technological Opportunity.

The types of experimentation (top face of cube) that we conduct fall into one of the three
categories shown. They are to: (a) Explore or discover; (b) Demonstrate a capability; or,
(c) test a proposed Hypothesis.

Finally, there are decisions to be made based on the outcome of the types of experiments
being conducted for the purposes of examining the concepts. These decisions are shown
on the side face of the cube as either (I) Doctrinal decisions, (II) Force structure
decisions or (III) Investment decisions.

This taxonomy divides the large cube into 27 sub-cubes (some of which may not be
populated). An example might be New Mission-Demonstrate-Force Structure. This
sub-cube would dictate that a force structure decision is to be made as a result of a
demonstration of a capability that will fulfill a new mission. We must now further
decompose this sub-cube as seen in the next slide.
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Design of Experiments (DoE)
The Cube guides Campaign Design MERS
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Type of Experimentation

Reason

Obsetvatioh Y

i
xecution Issues

We must extract this sub-cube and look at its dimensions. Based on the Reason, Type of
Experimentation and the Decision to be made, we must structure our Experiment and the
subsequent analysis around the Alternatives (front face of upper right sub-cube), Criteria
(top face of upper right sub-cube) and Methodologies (side face of sub-cube). This means
that the range and types of alternatives we examine in the experiment are highly dependent
on the three factors of the large cube. Once the alternatives have been established, the
analysts determine the appropriate criteria necessary to distinguish among the alternatives.
Given these criteria, the analyst finally determines the analysis methodologies required to
calculate or quantify the criteria.

Now, we must think of a further decomposition into a sub-sub-cube. This is represented in
the cube at the bottom of the chart. Once the analyst determines specific alternatives,
specific criteria and specific methodologies, that sub-sub-cube generates a taxonomy of
Execution Issues. These are shown to be Training, Data and Observation. The
experimentation planner and analyst must adequately plan for training the participants in the
use of each alternative (e.g., a new system to be used in the field). They must also plan for
and execute the data collection, which may be peculiar to the methodology and criteria.
And finally, the experimenter and analyst must plan for and properly execute the
observation function, which will depend on the data being gathered and the training that
was provided for.

This taxonomy of cubes and sub-cubes is meant to highlight the complexity of the Joint
Experimentation Process. Many times in the discussions our Working Group had, we
would be talking about one dimension, then someone would suddenly take the discussion
into another dimension (another cube or cube face), then we would either jump back to the
original dimension or off to another. We must understand the dimension we are dealing
with in our discussions.
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Planning Experiments Work Group

Agenda

* Participants

» Joint/Service Experimentation Integration

* Exploration Cycle

e Concept Development

* OR Contributions

» Process for Realizing a Concept

e Resource and Infrastructure Considerations
* Interesting Things Discussed

* Issues and Observations

Planning is the most critical piece of any experiment from an analytic standpoint.
Planning sets the framework for what can and cannot be accomplished analytically to
assist decision makers with critical decisions. The steps identified in this agenda will
help establish a well structured planning process.
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Planning Experiments Work Group

Work Group Participants (1 of 2) mR:
¢ COL Steven Myer TRAC Chair

* COL Rod Reay AFOTEC/OL-VA Co-Chair
* Mr Ed Ashley SAIC

* Mr Grant Ayres USACOM J92

* Mr Joe Bonnet SETA/Joint Staff, J-8-LLWAD

¢ Mr Mike Borowski MITRE/JT&E Program Office

* Mr Carl Cafiero SYNERGY Inc.

¢ Mr Bernard Ferguson JT&E PMO Support/SAIC

* Mr Bob French AF Experimentation Office

* Mr Jerry Horton EDO

* Mr Dave Ingle JBC/SAIC

Participants in the Planning Experiments Work Group brought a wide range of
experience in experimentation and analysis to our discussions.
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Planning Experiments Work Group

Work Group Participants (2 of 2)

Mr Joe Jackson

Mr Joe Jennings

Mr Frank Mahncke
Mr Bill McDonald
Dr Jimmie McEver
Mr Jack Moffatt
MAJ Tim Moore
MAJ Robbie Mosley
Dr Russell Richards
Mr Chuck Walters
Dr Robert Worley

MITRE/USACOM
MITRE/USACOM J9

JWAC

SPARTA Inc.

RAND

AF Experimentation Office
AF Experimentation Office
OASD (C3l)
MITRE/JUSACOM J3S

JT&E Program Office (OSD)
IDA
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Planning Experiments Work Group

MERS

Theology

Off Limits Area

///7 7 :1 =

e

Our work group tried to stay out of the theological area of discussions, although at times
we were unsuccessful. We focused on the linkage required between service experiments
and joint experiments. This planning process assumes that Joint Experimentation will
leverage existing service activities for the near term.
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Planning Experiments Work Group

n.
TUTAR QFLRITIING M IR 000N

Joint and Service Experimentation Environment

Joint Service
JFC Leverage Service Component
Operational Integration & Service Competencies
Consensus Interoperability Domain Control

& _J
Y
Joint Force Capability

e Transition ‘99 - ‘01 Chasing the Train
e Steady State ‘02 - ‘05 Driving the Train

Our group dealt at length with determining the overall objective of joint
experimentation in relation to service experimentation. This chart depicts Joint
Experimentation as focused on the Joint Force Commander and operational level issues
conducted through a consensus process. Service experimentation as focused on Service
competencies in warfighting with Title X domain control. Between the two are
leveraged experimental opportunities that have particular attractiveness in terms of joint
interoperability. Together these combined experimental efforts should enhance the
Joint Force Capability. The point is to properly position and combine the two for the
greatest benefit.

Additionally, as we plan experimentation, we have to leverage existing events in the
short term (‘99-01) and present targets and issues of opportunities for the Services to
support in the steady state (‘02-°05).



Planning Experiments Work Group

Joint Experimentation Definition

Joint Experimentation is an iterative process of
collecting, developing and exploring concepts to identify
and recommend the better value-added solutions for
changes to DOTMLP required to achieve significant
advances in future joint operational capabilities.

Campaign Plan Concepts

Concept Strategic Plan Components

Experimental Plan Questions and Issues

develops and explores concepts through a campaign plan. A Campaign Plan consists of
numerous Concept Strategic Plans that occur during a designated timeframe. Campaign
planning is synchronization among concepts to get the most out of questions that need to
be answered and to leverage resources. The Concept Strategic Plan, which is part of the
Campaign Plan, decomposes concepts into components which can be explored to further
mature a concept. The Experimental Plan is developed to identify the relevant/ key
questions and issues to be answered. There may be several Experimental Plans for a
single concept.

|
Experimentation is a process, not an event. It is an iterative process that continually
\
|

The Planning Experiments Working Group focused on the Concept Strategic Plan.
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Planning Experiments Work Group

Exploration Cycle

Richness of Scenario Space

II I
I
=N
- Development g
; :

Issue Space Issue Space

Expand scenario s

More Integrated|

Integration

11 v

There has been a tendency in experimentation to move directly from concept
development to large scale/live experimentation. (Quad I to Quad IV). This slide
depicts a way of envisioning the maturing of a concept from definition to validation
through “issue and scenario space.” In Quad I the concept is defined and developed in a
rich scenario space with all the potential issues that compose the concept. In Quad II the
concept is explored in many scenarios with a refined set of issues. In Quad III the
critical issues that comprise the concept are more rigorously investigated in a limited set
of scenarios to establish causal relationships, implications, etc. In Quad IV the issues
that make up the concept are integrated and validated in a rich environment that reveals
the 2nd and 3rd order effects of the various dynamics in the concept. Finally, the mature
concept is modeled/investigated constructively in additional scenarios (back to Quad I).

This is an iterative process where concepts return to the initial stages of development if
not mature enough to continue. Keys to this process are well thought out decision
criteria/ decision points to proceed to the next level.
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Planning Experiments Work Group

Concepts

» Definition: Notion or statement of an idea expressing how
something might be done or accomplished that may lead to an
accepted procedure

* Development
— Meta-analysis
— lterative process
— Assumptions

— Concept components and interaction across DOTMLP and
continuum of military operations

¢ Refinement/Exploration

— Expand and revise ITERATIVELY
— DECOMPOSITION of concept components

* Experimentation Strategy
— Questions/ Issues that underpin the concept
— Focus for design of experiments/ events
— Scope/ Bound for design

A concept begins with a notion or statement. It is developed to determine, describe and
define the concept components in terms of DOTMLP implications, the continuum of
military operations, relationships to other concepts and critical implications for change.
It begins with a Meta-analysis and matures through an iterative process. Assumptions in
terms of the environment, threat and timelines are developed.

It is refined through exploration (seminars, workgroups, etc.) and is expanded and
revised based on iterative reviews and analysis. Concepts are decomposed into
components to identify/ verify questions, issues and upper level performance measures.

An experimentation strategy is developed to provide the focus in order to design an
experiment or event. It identifies the key questions required to underpin the concept and
provide the answers which will inform the validity and/or value added of a concept. The
experimentation strategy provides the scope and bounds of an experiment in terms of
DOTMLP, the continuum of military operations, component capabilities, areas of
greatest potential and the baseline.

29




Planning Experiments Work Group

MERS

OR Management Tools LIRS CREARTISNS AESTARTA 300 3T

Baseline Assessment Database
Concept Hierarchy Tool

Events Database

Issue Integration

Task Analysis

Concept Prioritization/ Cost Benefit

In addition to the Operations Research (OR) tools and techniques that are available for
experimentation, there are other tools to manage the experimentation process and
experimentation campaign itself. J9 has already developed a suite of applicable tools to
do this as listed in this slide.

An area for further development is task analysis. As the UJITL becomes a more critical
and matured framework to investigate force capabilities, task analysis and management
through the task analysis framework will be a critical OR capability.
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Planning Experiments Work Group

'Exploration Techniques

Spectrum of Evaluation Techniques and Environments

Technique | Resources | Lead Timeto | Breadth of Replicability | Credibility
Create and Application
Apply
Expert Lowest Days-Weeks/ Very Broad Limited Variable
Elicitation Days
Wargame Low Weeks/Days Very Broad Limited Fair
Analytical Low Weeks/Days Broad Fully Fair
Models
Lab Low- Weeks/Days Limited Fully Moderate to
Experiment | Moderate Good
Constructive| Low- Months/Days Broad Fully Moderate
Simulation Moderate
Virtual High Years/ Moderate With Potential for
Simulation Months Difficulty Good
Live High Years/Weeks Limited Little Generally
Simulation Good
Real Crises/ | N/A N/A Quite Limited | None Excellent
Combat

This chart shows possible exploration techniques and environments available for
experimentation in terms of resources and lead time required, the breadth of the
application, replication capability and the credibility associated with a technique. Each
technique can be used by itself or in combination with any other technique.
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MERS

SUTRAC IR RESIAR ST

Framework

Nominatid Concept

Seminar

| Concept Development fe— «  Simulation
* * Wargame
> ¢ Parametric Analysis
LI 3
" * Parametric Modeling
[ Concept izploratlon [ Constructive Simulation
Iy g
I Limited Objective Experiments- }‘_ . Eog%tructi.veNitrtual Simulation
i . ab Experimen
Issue R;somnon * Field Egperiment
Ly e
- *  Constructive/Virtual Simulation
L Integrated Simulation Experiment I‘—‘ *« Wargames
I >
" - *  Virtual Simulation
[___tntegrated F';'d Experiment [ «  Field Experiment/Exercise
is I "
[ integrated Simulation Experiment |4— . ‘(I:vonstructiveNinual Simulation
. argames
I f
Recommended

This chart recommends a framework for concept development and experimentation. It
provides an example of an iterative process and how different types of analyses and
events can be structured to support a concept. Again, it is important to note that this is
an iterative process and at any decision point a concept may be terminated, go back
single or multiple steps or go straight to a recommendation.

Combined with the concept development slide, this framework provides a structure to
develop the Concept Strategic Plan as well as a multi-year Experimentation Campaign
Plan.




Planning Experiments Work Group

MGRS

Resource and Infrastructure Considerations

* UTARY QFEINTISLS AESTARTH SCCETY

* Scenarios

* Tool Development

* Red Teaming/ Adversary Development
« DOTMLP Development/ EXFOR

Resources and infrastructure are important considerations throughout the entire planning
process. Scenarios must be developed to provide the analytic rigor in which a concept
will be explored. Tools (i.e. models and simulations) must be carefully considered in
order to provide answers to issues and support MOE and MOP. Models and simulation

capabilities must also be considered as drivers of live events. Red teaming and/ or

opposing force capabilities must be developed to provide robust and credible adversaries

in order to explore concepts.
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Planning Experiments Work Group

MGRS

Interesting Things Discussed Not Resolved Gt

» Concept Selection Process

» Campaign Planning

* Questions and Issues <—¥» Events
* Taxonomy Development

The Planning Experiments Working Group touched on the following topics but did not
focus on, or resolve, any issues related to these topics. In short, methodologies need to
be developed for the selection of concepts, the planning of campaigns and the linkage of
concept questions and issues with events or venues for exploration/ experimentation.
Joint taxonomy must be developed for better understanding of joint experimentation
among the services.
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MERS
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Recommendations

* OR Techniques and Analysis be applied to Concept Definition and
Selection. ,

» Campaign Plan ‘00 have an enhanced articulation/common
understanding of the JE Vision and end state we are pursuing.

« Use of operations research tools and techniques be planned and
integrated throughout the Concept Development/ Exploration cycle.

» The current J9 Organization for Experimentation be reviewed to provide
continuity in view of Concept Development, Investigation and
Implementation.

* The Campaign Plan develop criteria and a decision process to make
hard choices in time, resources and appetite.

» Low Resolution and Interactive Development be planned before Live
Events and as part of an Model-Exercise-Model methodology.

Dick, should these recommendations read as “should be applied,” “should be planned,” etc.?? Corrina

The process of concept definition and selection requires thoughtful investigation and analysis

and should have its own planned assessment process. Concepts should be prioritized IAW the
JE vision.

There does not appear to be a common understanding of what the results of JE are supposed to
be. Without this vision it is impossible to prioritize effort and measure experimental progress.

Assessment/analysis does not happen at the end of the experimental process, it is integral
to it. Some of the highest payoff in assessment will be early in the concept exploration phase
and must be planned and resourced. Analytic perspective must be embedded throughout the
process, especially planning. Current J9 staff is long on planners and short on analysts. In its
final configuration, J9 must have staff with an analytic capability involved in every aspect of
experimentation.

The current J9 organization follows the tradition J-staff logic, but may not be appropriate for
experimentation. With an iterative, concept based approach it might be better to organize
around concepts rather than functionally. This idea should be reviewed at the J9 off-site.

Currently there is a “take all concepts” approach to JE. To do things right, they must be
focused. A process to make choices and prioritize should be part of the Campaign Plan and
involve analysis techniques to support.

Model-Exercise-Model is a must. There is high Retum On Investment (ROI) at the concept
exploration part of the process that analysis can richly inform.
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Conduct of Experiments
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Preparation and Conduct of Experiments

Working Group Tasks

* Provide ACOM Joint Experiment Directorate (J9)
with:
— Current Issues
— Innovations
— Future Trends to Consider

* In the following areas:
— Exercise preparation
— Experiment execution

* Where the rubber (design) meets
the road (experimental unit)

Many individuals in and out of the government currently associated with the services
battle labs and T&E agencies have years of experience in conducting separate service
experiments or overlaying an experimental design on a real-world exercise or event.

Participants in this work group extrapolated from these experiences to generate lessons

learned concerning the preparation and conduct of joint experiments outside the
laboratory.
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MERS
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Working Group Participants

* Dr Rick Kass Army Test and Experimentation Command
(TEXCOM)

» Mr Don Kroening Army TRADOC Analysis Center -Leavenworth
(TRAC-L)

» COL Rick Geraci ACOM Joint Experimentation Directorate-J9
(Operations Division~J94)

e Participants

e Mr Gary Arnett - Synergy Inc

* Dr Thomas Cook - Army/ARL

» DrRichard LaFerriere - Army/TRAC

* Ms Leslie Lampella - Army /HQ TRADOC

* LTC Lynnette Lowrimore - AF/XOCI

s LTC Chris Pate - DCSOPS

e Ms Lauran Winter - Army/HQ TRADOC

* Mr Dale Winzer - AF/AC2ISRC/AFEQ

The input to the working group reflects great Army and Air Force experience. One of
the civilians was a retired Marine Corps officer so he provided both Marine Corps and
Navy perspectives.
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Preparation and Conduct of Experiments

Preparation

» Identify and scope experimentation hypotheses early —
key
— All else depends on this
— Need objective way to review and prioritize hypotheses

* Relevance, technical maturity, scenario impact, cost, modeling feasibility
and data requirements

» Early planning document development and staffing

— Need early initial Management Plan
 Primary issues, scope, and concept; roles, missions and responsibilities of
partners; product timelines
» Early identification of resource requirements
— Initial and living budget
— Outside personnel requirements very early (data collectors, SMEs)
— Consider contracting out to existing OTAs who do this as a way of life

The key to a successful experiment is the early identification and scoping of the hypotheses
(analytic issues to be addressed in the experiment). Since the experiment is such a visible
event, there will be many agencies wanting to use it for their own purposes. Prioritization
of the hypotheses can be accomplished in a series of review boards that apply specific
review criteria to determine the prioritization of the individual hypotheses. These
prioritization criteria should include areas pertinent to the cost and ability to examine the
hypothesis in the M&S and the field experiment itself.

Early planning documents are important because they provide a common understanding of
the experiment to all involved. A key planning document is an early Experiment Directive
(ED) which assigns responsibilities and defines the timelines for the experiment. This
document must be developed early in the process and signed by a senior official with the
authority to assign responsibilities. This overarching management directive can then be
followed by a more detailed plan for the experiment which includes sub-plans or annexes
for the management of the experiment, the M&S used in the experiment, the data collection
plan and any other plan appropnate for the experiment.

Resource needs are shaped by the initiatives and hypotheses of the experiment. Start as
early as possible and work actions in parallel to resource long-lead items — especially
personnel resources required from external agencies. For large Joint Experiments consider
“contracting” the data collection-data management to an existing DoD agency with
expertise in running tests and experiments, for example, to one of the service Operational
Test Agencies (OTA). They have an infrastructure of instrumentation and data
management experience.
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Preparation

» Scenario development

— Must accommodate experimental hypotheses

— Need CINC approval and service buy-in

— Internal verification and external validation, iterative refinement
. M&S

— Need to schedule sufficient time for modeling cycle

— If experiment = model-exercise-model then it's not over until post-
exercise modeling component completed

— Collect additional data during exercise to support calibrating post-
exercise modeling

e Deployment and set-up
~ Transportation - budget, priority, mode
— Bed down and site set-up - personnel, logistics, communication checks

New joint scenarios will be required if the joint concept is truly new. Joint scenarios will
need to be approved at the highest level and coordinated early to get everyone to buy in.
The VVA process will need to be done in parallel because of shortened timelines. The
scenario refinement process for M&S and the field experiment will continue throughout the
planning stage and into the conduct of the experiment itself.

Develop the M&S plans early. M&S needs a long lead time. Late breaking “good ideas”
adversely impact M&S development. Sufficient time after the field exercise needs to be
allocated to complete the post-exercise M&S. Of special consideration are those M&S data
requirements that need to be collected during the field experiment for input into the post-
exercise M&S to support the final assessment phase.

Getting experimenters (experiment controllers, data collectors, analysts, etc.) and
participants (units and augmentees who play in the experiment) to the various events will be
a major consideration. USACOM must budget and POM for CICS transportation dollars to
cover all planning, training and spin-up events, as well as the culminating event. Priority at
least as high as CJCS-sponsored exercises must be accorded the joint experimentation
infrastructure.

Responsibility for bed down of experimenters and participants may be delegated to the
service components, but USACOM must set the ground rules, manage the budget, and
ensure that safety, security, local transportation, billeting, messing, communications, etc. are
sufficient to support the event.
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Preparation

» Data collection planning

— Develop data collection requirements 6-9 months early
* Instrumentation long lead item
e Transparent data collection techniques (automated tools)
* Quantitative and qualitative

~ Establish early experimental unit leadership availability

requirements for surveys/interviews
— Early data base development with analyst and modeler
— Pilot test end-to-end!!!!

At least 9 months prior to the experiment the analysts must provide the data collection
organizers with collection requirements. The collection requirement will dictate the
number, type and qualifications of SMEs/data collectors and the quantity and type of
instrumentation needed. Transparent data collection techniques along with automation
should be used as much as possible. Use manual data collection only when absolutely
necessary.

Negotiations with the actual experimental unit are also necessary so that unit leaders and
key players in the experiment will be available for in-depth interviews and surveys.

A database that meets the needs of both the collection agency and the analysis agency also
needs early development.

Finally, time must be allocated for a pilot test or an end-to-end test prior to the start of the
exercise. This will ensure that the collection procedures are adequate and that the analysts
are satisfied with the data before the actual exercise starts.
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Preparation

* Training
— Data collectors, SMEs, experimental force,
OPFOR
* Smart book, hypotheses card
— Senior leadership
* Right-size expectations,

— Issue priority, quality of data, resource
requirements/rationale

A good method for getting a common reference for everyone involved in the execution
of the experiment is to develop a “smart book™ and a “hypothesis card.” The smart book
is specifically designed for SMEs to carry and it identifies, describes and explains all of
the hypotheses/issues/initiatives in the experiment. The hypothesis card is a laminated
business-size card that succinctly summarizes the goals and objectives of the
experiment. One hundred percent of the participants (to include data collectors, SMEs,
player unit and OPFOR) should be required to carry this card. It does not reflect well to
have a VIP visit the site and ask one of the participants what they are involved in — if
the participant’s response is a shrug.

The senior leadership in both the CINC and service staffs need to be educated on the
scope and goals of the experiment. This can be accomplished by a traveling “road
show.” One goal in this education process is right-sizing expectations. Another goal is
to convince organizations supporting the experiment that their contributed resources are
being used in a great cause and that their continued support is required and appreciated.
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Conduct

e Data collection execution

— Provide quick-look capability (manual and instrumented) to insure
getting required data and to support daily hot-wash

— Analysts access to experiment execution
— Ready response cell of SMEs/data collectors
e Control of experiment
— Need a robust control cell that includes analyst representation
— Balance free play and MSEL events
» Visitor protocol

— Resource visitor bureau — pays dividends (... but non-
interference)

e Standard briefing/ftours (to include into experimental unit), opportunity
to right-size expectations, send out invitations, VIP treatment

It is not a good idea to wait until the experiment is completed to determine if adequate data
was collected. Analysts need to ensure that the data is, in fact, coming in as the experiment
progresses. This allows for data collection adjustments while the experiment is in progress.
Analysts must occasionally get away from their computer printouts to view the experiment
first hand and to get their own views of what is happening in order to better understand the
data. Sometimes collection requirements change during execution. Additional qualified

SME:s need to be on-hand to fill the gaps without diminishing other collection requirements

The exercise/experiment control cell needs to include analysts so both “impact on data
collection” and “impact on experimental objectives” will be considered when contemplating
scenario adjustments. The experimenter will always have to balance experimentation goals
(learning/discovery) and exercise goals (training). Can both co-exist in one event without
diluting the desired results due to competing objectives and requirements? Free play is
desired but an experiment must generally be more structured than a training exercise.

Telling the experimentation story well is an absolute necessity. Experiments are expensive
propositions. Senior leaders (service, joint and DoD) as well as Congress want to ensure the
money is well spent. This political reality can not be ignored. Leaders will often want to see
the experiment first hand to validate that the money is well spent. Thorough planning for
visitors is critical to the success of the experiment. Visitor briefings are also an opportunity
to further manage expectations.
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e Maintain experiment infrastructure
— Care and feeding of experimenter
— Establish computer maintenance and separate communication networks

» Hot wash briefing requirements
— Don't fight appetite for immediate feedback
* Establish process to support generating daily results briefings
» Use process to capture insights while fresh
« Train analysts to do incomplete analysis
 Select credible briefer (military analysts)

* Analysis and reporting
— Conduct post-event analysis workshops, don’t develop report in a vacuum

— Produce one integrated report preceded by short, hard hitting “insights”
memo (final report after post-exercise modeling — not after “field
exercise”)

Sufficient resources must be allocated to keeping the experiment infrastructure and systems
architectures up and running throughout the experiment. Do not depend on the player unit
for computer maintenance and communication nets to run the experiment infrastructure.

The experimentation community must realize that there will be a natural requirement on the
part of senior leadership to have some immediate and cyclic analytic feedback during the
course of the experiment/exercise. The experimentation community should not try to resist
this tendency, but rather should use it as an opportunity to update right-sizing expectations.
Accordingly, the hotwash must include positive and negative findings, and be grounded in
reality...it should not be a “love-in.”

To facilitate the analysis (given that much of it is being conducted by groups of analysts
who are geographically dispersed after the experimental event), post-event analysis
workshops should be conducted. The focus of these efforts is to produce two products. The
first product, an Initial Insights Memorandum (IIM), is a short accounting of the major
insights drawn from the experiment, even if produced from incomplete data. This product
is intended to satisfy the immediate appetite for analytic results by the senior leadership.
The second product is the final report for the experiment. This report must be a single
document which contains all analytic results of the experiment, regardless of who
developed them. A single report is necessary to ensure that contradictory results from
multiple reports are not released to the consumers.
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* Finding
~ Insufficient attention to experiment planning and execution can
result in an invalid experiment
« Insufficient resources
* Unrealistic Expectations
» Nonresponsive data collection
* Inadequate analysis and reporting

e Recommendation

~ Develop a single integrated J9 team with responsibilities to follow
the experiment from concept development to final report to ensure a
valid experiment.

“An experiment without good data is just a training exercise”

It is difficult to summarize the collection of “good ideas” generated from this working
group. The difficulty was not in generating insights based on the working group’s
experienced members, but rather in organizing the many good and varied insights into a
useable product for ACOM.

If there was a consensus of the working group it would probably have focused on the
proposition that the final stage “analysis of data to produce a report” needs to be
represented early in the experiment design process or the desired results will not occur.
This design process needs to be considered early during hypothesis generation, resource
allocation and in right-sizing the expectations of the product consumers.
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Concept Hypotheses

» Identifying and scoping of all hypotheses - Key!
» Determine “jointness” of hypotheses

* Need objective way to prioritize hypotheses -
(Hypotheses Review Board)

» Establish review criteria

— Relevance — Scenario
— Technical Maturity — Modeling feasibility
— Cost — Data Requirement

» Top-down driven - early-on senior leader
involvement

» Sensitize/explain the impacts of last minute add-
ons

The key to a successful experiment is the early identification and scoping of the
hypotheses (analytic issues to be addressed in the experiment). Since the experiment is
such a visible event, there will be many agencies wanting to use it for their own
purposes. A process must be set up to ensure that the experiment is limited to
addressing only necessary hypotheses, prioritized by proper authority. In the context of
joint experiments, the extent of “jointness” of the hypotheses must be determined and
agreed to. The prioritization of the hypotheses can be accomplished by a formal review
board, or series of review boards, which apply specific review criteria to determine the
prioritization of the individual hypotheses. The prioritization criteria should include a
hypothesis’ relevance to the experiment objectives, the technical maturity of the systems
involved, the associated costs, the ability of the scenario to address it, the feasibility of
M&S to address it and the data required to represent it in the appropriate M&S. The
development of potential hypotheses to be reviewed and selected for the experiment
should be a top-down process driven by the senior leadership. Senior leadership must be
sensitized to the fact that changes to the hypotheses late in the process can have
devastating effects on the success of the experiment.
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Experiment Planning Documents

» Documents the core understanding of the experiment

» Needs a balance to adequately address all of the consumers of
the plan

» Experiment directive/project order
— Assigns the overall concept, roles, mission, responsibilities and product timelines
~ Developed and signed early
« Best to have a single integrated plan (living document)
— Management plan
— M&S Plan
~ Data collection plan
— Coordination through intermediate versions is key
— Define common terminology
— Coalition considerations should be addressed
* Right-sizing of expectations - brief the plan

» All stakeholders at highest levels sign plan

Planning documents are key to the experiments’ success because they provide a common
understanding of the experiment to all involved. These plans must be balanced so that they
adequately address all issues and actors involved in the experiment. For example, do not
have a 50-page operations order with a one-page add-on of experiment measures of
performance.

The key planning document is an early Experiment Directive which assigns responsibilities
and defines the timelines for the experiment. This document must be developed early in the
process and signed by a senior official with the authority to assign responsibilities.

This directive is closely followed by a single plan for the experiment which includes sub-
plans or annexes for the management of the experiment, the M&S used in the experiment,
the data collection plan, and any other plan appropriate for the experiment. The key is for all
these planning documents to be integrated into a single plan. This plan must be fully
coordinated, use common terminology and address the potential inclusion of coalition forces
in the experiment.

The plan must be briefed to senior leadership, to among other things, right-size their
expectations regarding the experiment.

This detailed plan must also be approved and signed by the stakeholders in the experiment
who have the authority to task others involved.
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Resource Management

» Impacted by initiatives/concept issues
o Start early; never enough lead time

» If budget is set, additional requirements and consequences
need to be surfaced as soon as possible

» Management plan defines responsibilities and time lines
» Must identify person in charge of physical site

* Need a resource support plan

* Identify personnel to meet defined qualifications

» May contract existing agencies (OTAs) who have experience
with experiments

Resource needs are shaped by the initiatives and hypotheses of the experiment and constrained
by the budget. There is never enough lead time. Start as early as possible and work actions in
parallel. As additional resource requirements arise after the initial budget is approved, these
UnFunded Resources (UFR) need to be surfaced as soon as possible along with the
consequences of not resourcing in order to allow the senior decision makers time to find the
resources. The management plan fixes the responsibilities and timelines for the major
resources.

It is necessary to identify the person in charge of decisions regarding the physical site and
insure that this person has authority to enforce decisions. The infrastructure includes offices,
computers, phones, equipment and support personnel. The badging system includes Web-
based registration and the in-processing system. It is critical to keep all participants informed.

One also needs a resource support plan and a disciplined approach to resourcing,and to
identify resources for each phase of MEM. It is necessary to develop tasking for the people
and equipment to meet the timelines. Participating units should provide their own
infrastructure. Floor plans to identify location of experimenters and to assess their impact on
the operators are also required.

Subject Matter Experts (SME) should be identified by qualifications and quantity to support
the experiment as data collectors, and to identify equipment they may require. Task agencies
who provide SMEs early on. Have a vetting process so if the SME provided does not meet
SME qualifications (e.g., rank, combat experience, specialty), he or she can be replaced.

For large Joint Experiments consider “contracting” the data collection-data management to the
expertise of an existing DoD agency with expertise in running tests and experiments, €.g., to
one of the service operational test agencies. They have an infrastructure of instrumentation
and data management experience.
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Scenario development

» Scenario should be concept-driven; needs to
reflect experimental objectives

* Representative ‘Joint’ flavor

» CINC approval and Service buy-in

» Consider both internal verification and external
validity

« [lterative refinement through execution

Developing scenarios for joint operations will not be easy given the newness of the
endeavor and the requirement to get the services to buy in. New joint scenarios will be
required if the joint concept is truly new. The scenarios need to be approved at the
highest level and coordinated early to get everyone to buy in. The VVA process should
be done in parallel because of shortened timelines. The scenario refinement process will
continue throughout the planning stage and into the conduct of the experiment itself.
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M&S

» Determine M&S capabilities to support concept
experimentation
» Develop M&S plan early (always a long lead time)
— Plan M&S support for all experimentation phases
— Identify data requirements
— Identify M&S resources
» Federation of M&S needs to be considered for
Joint operations

Determine M&S capabilities to support concept experimentation: What can M&S do
and not do? Can the issue be modeled? Can the issue be simulated during the field
phase? Can the data be obtained/collected?

Develop M&S plans early. Late breaking “good ideas” adversely impact M&S
effectiveness. Early-on fix responsibility, identify data requirements and data inputs.
The data providers, approvers and arbitrators for this process need to be identified also.
A special consideration are the M&S data inputs that need to be collected during the
field experiment for the M&S post-exercise assessment phase. Identification of
resources for M&S is also necessary — VVA, equipment, any unique development,
connectivity, M&S players, security and floor space.

Also consider a federation of M&S to address all joint participants and capabilities.
Review appropriate analytical and training M&S to address experimental issues.
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Deploy and Set-up

Transportation

— Budget (POM, FINPLAN, resource management)
— Periority (establish CJCS priority)

— Mode (air, sea, road-haul)

Bed down

— Personnel support organization/DRMD

— Force protection

~ Billeting/messing/local transportation/medical

— Communications

Set-up

— Testing/comm checks/maintenance/contractor support
— Calibration of instrumentation
Redeployment/reconstitution/cleanup

Getting experimenters (experiment controllers, data collectors, analysts, etc.) and
participants (units and augmentees who play in the experiment) to the various events is a
major consideration. USACOM must budget and POM for CJCS transportation dollars
to cover all planning, training/spin-up events as well as the culminating event. Priority
at least as high as CJCS-sponsored exercises must be accorded joint experimentation.

Responsibility for bed down of experimenters and participants may be delegated to
Service components, but USACOM must set the ground rules, manage the budget,
ensure safety, security, local transportation, billeting, messing, communications, etc. are
sufficient to support the event.

Sufficient time and resources must be allocated for set-up, testing, calibration, etc. to
ensure the experiment architectures are capable of supporting the event and that a
suitable environment is provided to support the various experiment trials/initiatives.

Experiment sites must be returned to a condition equal to or better than what existed
before the experiment. Budget and resources must be sufficient to cover cleanup and
redeployment of experimenters and participants.
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Data Collection Planning

* Develop data collection matrix (requirements) 6 to 9
months prior to experiment (Joint effort with analysts)

— SME/data collector requirements (tasking #’s, qualifications,
laydown, training, continuity)

- Instrumentation (development, laydown, non-obtrusive)
— Interviews/surveys
— Collection techniques (automated, manual)

e Consolidated database development (Joint effort with
analysts)
— Management

* Pilot Test - End-to-End

e Data collection must include OPFOR

It is important to ensure that the data collection managers be brought in early in the
process. At least 9 months prior to the experiment the analysts should provide a good
idea of the collection requirements. The collection requirement will dictate the number,
type and qualifications of SMEs/data collectors and the quantity and type of
instrumentation required. Once this is known the data managers can begin the process
of acquiring (tasking for) SMEs/data collectors and obtaining or developing the required
instrumentation. This process can be very time consuming depending on the
requirements. Automation should be used as much as possible to support manual data
collection. Concurrently the data managers can begin developing a database that meets
the needs of both the collection agency and analysis agency. Finally, time must be
allocated for a pilot test or an end-to-end test. This will ensure that the data collection
process is collecting the correct data and that the analysts are satisfied with the data.
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Training

» Must educate senior leaders on experiment
issues and impact of changes

 All need to be aware of the goals and objective of
the experiment and role of others

* EXFOR needs TTP, TSP, NET and train-up
* OPFOR needs train-up
* Experimenters

- Need specific training

- Smart book and hypotheses card

This area might as well have been called education instead of training. The senior
leadership in the CINC and the service staffs need to be educated on the scope and goals of
the experiment. This can be accomplished by a traveling “road show.” One goal in this
education process is right-sizing their expectations. Another goal is to convince them that
any resources they are “contributing” are being used in a great cause and their support is
required.

Another key method for getting everyone involved in the experiment on the same page is to
develop a “smart book” and “hypothesis card.” The smart book is specifically designed for
SME’s to carry and it identifies, describes and explains all of the
hypotheses/issues/initiatives in the experiment. The hypothesis card is a laminated
business-size card that succinctly summarizes the goals and objectives of the experiment.
One hundred percent of the participants (to include data collectors, SMEs, player unit and
OPFOR) should be required to carry this card.

55




Preparation and Conduct of Experiments

Data Collection Execution

* Resources and requirements must be identified
early in order to manage data collection/
instrumentation/data base population and the
quality control process

* Provide quick-look capability (manual and
instrumented) to insure getting required data and
to support daily hot-wash

* Provide analysts access to experiment and data
base

» Establish a data review process to validate
subjective data

* Ready response cell of SMEs/data collectors

Throughout the experiment the data collection manager must continue to work with the
analysts and provide data as soon as possible. It is not a good idea to wait until the
experiment is completed to determine if adequate data was collected. Analysts need to
ensure that the data is, in fact, coming in as the experiment is in progress. This allows
for the possibility to adjust data collection as the experiment is in progress.

Analysts must occasionally get away from their computer printouts to view the
experiment first hand and to get their own views of what is happening in order to better
understand the data.

Because there are many stakeholders in the data, a formal data review process should be
established to authenticate the data prior to releasing the database for final analysis. Itis
especially important to review all comment data for relevance and veracity.

Sometimes collection requirements change or arise during execution. The data
managers should have a handful of qualified SMEs to fill the gaps without taking away
from other collection requirements.
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Control of the Experiment

 If experiment is in conjunction with a training
exercise, then must balance training objectives
with experiment objectives

* Need a robust control cell that includes analyst
representation

» Balance free play and MSEL events

Piggy-backing experiments on service exercises is probably a reality for some time.
There will be continual negotiations to insure the experimental objects do not get lost.
Need to establish a cell to continually monitor this process. Even if a “pure” experiment
is conducted, there still needs to be a balance between achieving specific tasks versus the
free play operational realism of the unit.
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Protocol/Marketing/Visitor’s

Bureau

e Visitor protocol
— Resource visitor bureau — pays dividends (... but non-
interference)

» standard briefing/tours (to include into experimental unit),
opportunity to right-size expectations, send out invitations, VIP
treatment

— Need high-level support to enforce “no additional data
collectors / observers”

— Consider virtual visitor bureau

Experiments are expensive propositions. Senior leaders (service, joint and DoD) as well
as Congress want to ensure the money is well spent. We cannot ignore the political
reality....they will want to see the experiment firsthand to validate that the money was
well spent. Therefore, thorough planning for visitors is critical to the success of the
experiment. The difficulty lies in the creative tension between visitor support
(especially as the rank of the visitor increases) and not interfering with the experiment
itself. Collectively, this could be called “experimentation marketing.” Resourcing a
force to manage this “campaign” is critical to its success. Invitations for very senior
leaders is a long-lead time item and will be subject to numerous perturbations as
scheduling conflicts appear. Determining what should be on the visit itinerary,
appropriate protocol to be rendered etc., take time, effort and especially attention to
detail. Ensuring that the invitation list (and more importantly those that “invite”
themselves) is manageable also requires senior leader oversight. Expectation
management is another critical component.
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e (Care and feeding of experimenters
— Shift schedule coordination
— Transportation needs
— Communication needs (cell phones, fax)
— Lodging/messing/medical

e Computer/communication networks
— On site maintenance support
— Dedicated networks

Once the experiment begins it is critical that the different elements comprising the
experimental environment receive proper attention by the operations group. The various
aspects of the infrastructure require “care and feeding” to ensure that the live experiment is
properly supported and completed on schedule. The major parts of the infrastructure consist
of the personnel (experimenters) conducting the experiment and the equipment needed to
support the experiment.

Basic needs of the experimenters during the experiment include lodging, food,
transportation, medical, and communication. The numbers of personnel conducting the
experiment and the duration of the experiment are key drivers for these support areas.
Another issue is the experimenter shift schedule. If an insufficient number of experimenters
is used, the shift schedule can become infeasible or so stressful it will adversely impact the
overall conduct. Health of the experimenter group needs to be maintained to prevent any
possible shutdown of different parts of the experiment. Consider requirement estimates for
“supernumeraries” for key experimental staff an adjustment factor for members who may
become ill to provide for alternate or “back-up.”

Equipment to support the conduct of the experiment includes such items as the computer
hardware and software, communications network, transportation, repair parts and power
generation used by the experimenter staff. Maintaining computers, the related Local Area
Network (LAN), and the distributed network is critical. An on-site dedicated technical
maintenance support center to provide responsive computer support should be considered.
If possible, a dedicated communications network should be used for the experiment. The
transportation and power generation equipment requires a maintenance staff to do daily
checks. The maintenance staff needs an adequate level of spares to repair equipment.
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Hot Wash Briefing Requirements

» Don’t fight the appetite for immediate analytic
feedback

» Establish a process for generating daily or cyclic
analytic feedback

» Use the process to capture analytic insights while
fresh

» Train analysts to do analysis of incomplete data
» Select credible briefer (military analysts)

The experimentation community must realize that there will be a natural requirement on
the part of senior leadership to have some immediate and cyclic analytic feedback
during the course of the experiment/exercise. This is mainly caused by the need to show
some immediate results to those who provided the large investment of time and dollars
in the experiment. The experimentation community should not try to resist this
tendency, but rather should use it as an opportunity to conduct some level of analysis
during the exercise while the events are still fresh in their minds.

A process for conducting analysis, which leads to this feedback, must be established.
Feedback should be expected on a daily basis, or perhaps on some other cyclic basis
(e.g. at the end of each phase of a scenario).

The analysts must be trained to conduct analysis on incomplete data in order to produce
this immediate analytic feedback. This will be uncomfortable to most analysts who
prefer to have the complete set of data from the experiment.

These analytic results should be presented by an analyst who is credible in the eyes of
the audience (probably the senior leadership). In the case of major experiments, this will
most likely be a military analyst.
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Analysis and Reporting
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e Apply the Model-Exercise-Model (MEM) approach, if
possible

» Establish a process for conducting analysis
throughout the experimentation process

* Focus analysis on potential capabilities, not specific
systems

» Conduct post-event analysis workshop(s).
Experiment is not concluded until MEM is completed.

* Produce one integrated report preceded by a short,
hard-hitting Initial Insight Memo

When possible, the Model-Exercise-Model (MEM) analysis approach should be used for
experimentation so that the complete set of analytic issues are addressed by the
appropriate tool, whether that be a model, or the live exercise event. This requires the
establishment of an analytic process which will enable initial analytic conclusions to be
drawn using incomplete data from the exercise.

Because an experiment is not typically used to directly support the material acquisition
process, it should focus on the identification and evaluation of potential capabilities
demonstrated within the experiment, not on the evaluation of specific systems.

To facilitate the analysis, given that much of it is being conducted by groups of analysts
who are geographically dispersed after the experimental event, post-event analysis
workshops should be conducted. The focus of these efforts is to produce two products.
The first product, an Initial Insights Memorandum, is a short accounting of the major
insights drawn from the experiment, even if produced from incomplete data. This
product is intended to satisfy the immediate appetite for analytic results by the senior
leadership.

The second product is the final report for the experiment. This report must be a single
document which contains all analytic results of the experiment, regardless of who
developed them. A single report is necessary to ensure that contradictory results from
multiple reports are not released to the consumers.
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Steve Upton Los Alamos Nat'l Lab upton@lanl.gov
LTC Mark Woempner :TRAC-WSMR :woempnem @ trac.wsmr.army.mil
Michael Wright {ESC/DIS ‘mewright@ mitre.org
Susan Wright DA sjwright@ida.org
Anita Zabek IDMSO MITRE ;anita@ mitre.org

The members of the working group (and subsequent sub-working groups) drew heavily
from active duty military, academic and private sector experts representing a broad
cross-section of the Modeling and Simulation (M&S) community. Direct experience in
the planning, staging and development of Joint Experiments (JE) provided the expertise
needed to scope and bound major problems.
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Working Group Tasks

» Address Modeling and Simulation (M&S)
aspects of terms of reference within a Model-
Experiment-Model framework

— Ildentify methodologies and tools

- Identify critical M&S issues in concept development/
planning, experiment conduct, and exploitation

— Identify ways to federate and utilize existing models
Evaluate characteristics of available models to assess
their applicability to experiments

— Identify requirements for future M&S capabilities

— Establish practical limits to M&S in large scale
experiments

The working group focused on those aspects of the conference Terms of Reference
(TOR) most pertinent to M&S within the model-experiment-model notional framework.
The group applied the following three criteria to select issues to explore and report:

Joint Application - the issue is important for joint experimentation rather than
single service application.

High impact - the issue has a significant impact on joint experimentation.

Consensus - the conclusion reflects the consensus of the working group (and in
some cases the sub-working group).

To develop the material for this report, the working group divided into four smaller
groups that discussed the following:

1) Use of M&S for concept development.

2) Experiment design.

3) The conduct of the experiment.

4) Exploitation of experimental results.

Because the working group felt that they lacked sufficient experience and exposure to
experimental campaigns, the group chose not to form a fifth subgroup to address use of
M&S to support experimental campaigns. However, each of the subgroups did address
experiment campaign issues as part of their work.
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* Methodologies and tools
— For Exploiting experiment
* For identifying cause and effects chain
* For conducting excursions
» For conducting sensitivity analysis
» For determining parameter values
* For feed forward

M&S can support joint experimentation by helping experimenters to represent the future by reducing costs
and by increasing/enabling range safety. Models and simulations can provide continuous support throughout
an experimental campaign. They can help establish concept baselines for future explorations. By requiring
the knowledge to be represented fully and explicitly, they can improve knowledge acquisition. The types of
tools used changed during the experimental campaign. The tools used later in the campaign are generally
more refined and complex than those used earlier in the campaign.

The exploitation group examined methodologies and tools in depth. Their analyses recommended methods
for reconstructing the experiment, examining unplanned opportunities resulting from the experiment,
identifying cause and effects chain, conducting excursions, conducting sensitivity analysis, feeding forward
results into subsequent events in the experimental campaign and summarizing and disseminating results.

M&S can support joint experimentation by helping experimenters to:

*  Document the growing understanding of the conceptual doctrine, organization or technology being
examined.

*  Understand how the concept improves achievement of specified objectives.
» Refine the completeness and coherence of the concept.
»  Assess the feasibility of a concept.

¢ Ilustrate the dynamics of variables, identify causal relationships and demonstrate the implications
of these relationships.

*  Refine the scenario space (e.g., it helps experimenters examine where a concept has the greatest
impact, and/or where it’s contribution is most limited).

» Examine the impact of specific threats, countermeasures and performance required to overcome
countermeasures.

The working group decided not to discuss specific models by name but instead to focus on model
characteristics important to different applications of M&S. This decision facilitated achievement of
workshop objectives by removing the potentially divisive comparisons of model capabilities.
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* Practical limits of M&S
— Multi-level security
~ Unable to model relationships that are not understood in the real world
— Ability to rapidly represent new concepts
— Inability to build a predictively accurate mode/ of a chaotic process

» Deficiencies of current M&S

— Various service models lack credibility among sister services of joint domain

— Lack of High Level Architecture (HLA) compliance, interfaces to real world
systems/cross-level representation and semantic commonality/logical
consistency among federates

— Models do not adequately reflect impact of C4ISR, 10, human behavior
(individual and group), logistics, WMD and geophysical environment on
weapon system and sensor performance

— Inadequate environmental representations (common representations -
databases, dynamic effects, interactions of terrain, ocean, DTED limits

— Ability to represent Operations Other Than War (OOTW) and Military
Operations in Urban Terrain (MOUT) largely non-existent

— Lack of adequately verified and validated tools

The working group distinguished between “Practical Limits” and “Deficiencies.”
"Practical limits" addressed limits that are fundamental to the nature of M&S and
(arguably) cannot be resolved. "Deficiencies” are current shortfalls that the working
group deemed correctable.

One practical limit of particular interest was the inability to build predictively accurate
models of chaotic processes. Building predictive models of many non-chaotic processes,

including adversary responses, remains a very difficult (if not impossible) problem

whose difficulty may be neither fully understood nor appreciated by many consumers of

M&S.

The following elaborates on several of the current deficiencies in M&S:

e Lack of model credibility among sister services of joint domain. Workshop

participants generally felt that each service lacks confidence in models developed
by sister services. Each service believes that sister services do not represent the
issues adequately for their needs. For example, the Air Force may feel that the
Army’s ground war models do not represent the air war as required to meet Air
Force needs. Similarly, the Army may feel that Air Force air combat models do
not replicate ground combat as needed. The failure of overlapping regions of

each model to agree supports this view. In addition, trying to analyze joint

experimental results using service-specific simulations impedes the ability to

gain insights into the synergism of joint operations.

» Inability to model impact of communications and human behavior. Though

models can adequately represent the dissemination of information, it is difficult

to show how people process and use the information to make decisions.
Therefore, the assessment of the contribution of information technologies to
performance and effectiveness is often difficult and incomplete.
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Working Group Results (2 of 5 cont.)

e Difficulty in representing new concepts using existing models or data. Futuristic systems
or concepts, that by their very nature are not well defined, require significant changes in
the assumptions of the existing model. Required model modifications increase costs and
lead time to prepare models.

e Lack of models that represent OOTW and MOUT. Most current models are tailored for
mid- to high-intensity conflict. Because emerging missions such as operations other than
war or military operations in urban terrain are complex and not well understood, changing
existing models or developing new ones able to address this environment will take time
and significant resources. The next generation of models and simulations must address
this changing world situation.

e  Lack of model output able to support new MOEs. MOPs for emerging missions. Most
current models, built to examine firepower and maneuver warfare, do not produce
products that relate easily to the Measures Of Effectiveness (MOEs) and Measures Of
Performance (MOPs) appropriate to new emerging missions. New concepts, such as
information operations and network centric warfare will require new analytical techniques
to produce the needed MOEs and MOPs. For example, there is a need for models that
show the effects of psychological operations, non-lethal weapons and suppressive effects.

Other deficiencies of current M&S, in addition to those in the viewgraph, include:

= The lack for scenario stability such as would be provided by a standard
illustrative DPG scenario.

+  The lack of common approaches to standard scenario elements, including lack of
a common approach to missile endgame.

«  The lack of balance within models between size, force and level of
representation.

»  The need for interfaces to real world C4I systems and coalition models.

« A lack of awareness of the dangers involved with examining new concepts with
models developed for previous studies and analyses.
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e Federation and use of models

— Integration requirements and ways to meet
them

* Guidance provided by Defense Modeling and
Simulation Office (DMSO) Federation Execution
and Development Process

* Integrate with concept

* Integrate with system of systems (human, C4ISR,
federates, training plan, data collection
(instrumentation and analysis), Verification,
Validation and Accreditation (VV&A)

* Integrate with warfighter confidence

Use of the Defense Modeling and Simulation Office Federation Execution and
Development Process (FEDEP) is highly recommended, particularly the checklist for
federations designed for experiments, related security and verification, validation and
accreditation overlays.

Before the experiment is conducted, the simulation must be modified to best mirror the
concept being evaluated. This may be accomplished by federating models that properly
address different aspects of the concept.

Consideration for integration of supporting models and simulation tools must occur
throughout the experimental process (starting with concept development and ending with
exploitation). This integration should occur continuously and iteratively, as in spiral
development. For example, as the concept is modified, so must the supporting models and
simulation tools.

Within this integration effort, a system of systems approach must be used. This approach
should consider human participants/observers/controllers, C4ISR systems, federates,
training plans, data collection (instrumentation) and analysis resources and V& VA
resources. To support accreditation and “buy-in,” the warfighter must establish confidence
in M&S. The accreditation process must identify and address all stakeholders' issues. If
accreditation cannot be achieved, then the experimental results will not be accepted by the
warfighter (user/customer).
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o Model selection criteria

~ Operational (ability to support functional description of the experiment,
level of aggregation, terrain and environment, scope, resolution)

— Has a representation that is both necessary and sufficient for concept
being explored (avoid unnecessary detail)

— Verification and validation status and warfighter confidence

- Technical (number of units, time-management, run speed, interoperable
with other simulations and systems, reuse, securily level)

~ Resource availability (database availability,development time, portability,
support staff, facilities, equipment)

— Milestone and timeline constraints

— Human involvement, C4ISR (real/synthetic representation)
~ Potential for reuse in overall experimentation campaign

— Modification requirements and risk

~— Adequacy of Configuration Management (CM)and Life Cycle Maintenance
process (LCM)

There are many criteria for selecting the appropriate modeling and simulation tools.
Selection criteria include:

« Experiment objective. Ability to support the experiment objective is the most
important consideration. It includes the ability of the M&S tools to produce the
data needed by the evaluation metrics; and to address the appropriate levels of
warfare, current or future capabilities, and systems and doctrine. The model must
have the level of resolution required to capture the desired representations. The
model should fit the problem, not the problem to the model.

» Representation of needed detail. Complexity and detail should be introduced when
needed, and avoided when not needed. For example, experiments that emphasize
environmental representation effects (e.g., IR and MMW reflective properties of
vegetation) require models and simulations that can capture that level of detail.

» Verification and Validation. Accreditation is needed both for general and particular
uses of the model. Verified and Validated (V&YV) tools should be used as often as
possible. If a non-V&V tool must be used, then time and resources must be
allocated to achieve V&V. If not, experimental results may be suspect. Note that
V&YV is less important early in the experimental campaign.

» Ease of integration. In live and virtual simulations, the integration of real-world
C4ISR systems is critical. C4ISR-simulation interfaces have usually been
developed as point-to-point solutions since modular interfaces are not readily
available. One should select models and simulations that already have existing
C4ISR-simulation interfaces or support development of an interface.
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The availability of resources. One must first leverage what is available for the live
portion of the experiment and then fill in gaps with constructive and virtual
simulations. Other resource considerations are personnel (DoD and contractor)
available to support the experiment, facilities and equipment (including hardware,
software, databases) and other logistical considerations.

Milestone constraints. These include the time period designated for the experiment
(within the experimental campaign plan). The set-up time and/or modification time
required for the employment of a particular tool must fit into the allotted schedule.

Roles of people. Human involvement requires use of virtual or live simulations.
Synthetic representations of humans and their decision processes are not mature
enough to be credible within constructive simulations.

Support to long term interoperability and reuse. During the earlier phases of the
experimental campaign, model and simulation selections should consider the
candidate model’s ability to support long term interoperability and reuse for follow-on
experiments within the experimental campaign plan. Models should be HLA
compliant. Data driven models that are easy to change, (particularly for unit behavior
and C2 relationships) are recommended.

Ability to support the data collection plan. Proper instrumentation facilitates data
collection. It does not, however, address all data collection requirements, especially
data collected from SME controllers and qualitative data.

Standard issues of Multiple Levels of Security (MLS). The collaborative, distributed
nature of these experiments compounds the MLS problem.




Modeling and Experimentation
Working Group Results (5 of 5) mRS

w4 TARY OFETINNG

e Requirements for future M&S capabilities

-~ VV&A process for joint models and joint use of Service
models

— Broader use of class accreditation where appropriate

— Data-driven models that are easy to change, particularly for
unit behavior and C2 analyses

— Approved joint future scenarios and an agreed to set of
baseline standard future scenarios

— Ability to collaboratively plan and execute actions from
geographically distributed locations

Direct observable results (real-time feed back)
Predictively accurate large scale models

Input and output linkage to real systems

HLA compliance

Models and simulations have many shortcomings in representing the real world. Perhaps the most
significant current limitation concerns the availability of predictively accurate large scale models. For
most experimentation purposes, models must be sufficiently accurate so that the conclusions about the
concepts being evaluated are valid. Areas where sufficient predictive accuracy is not currently
available include representations of human behavior, logistics, some environmental effects within
joint scenarios.

»  Human behavior. The representation of human behavior and of human cognitive processes
is recognized as a major issue within the DoD M&S community. This shortfall impairs our
ability to model the impact of advanced C4ISR systems and information operations on
human decision processes, and of human decision processes on mission outcome. The
working group believes that near-term solutions for this shortfall are unlikely.

» Logistics. The effect of logistics (especially shortages) on operational decision-making is
also not properly modeled.

«  Environmental models. Environmental models remain inadequate to support many aspects of
joint experimentation. Such modes either do not exist or are too computationally intensive to
support evaluations of weapon system and sensor performance within simulations. It has
also been difficult to identify V&V’d models of the dissipation and effects of WMD.
Computational fluid dynamic approaches are still too immature and processing-intensive to
provide acceptable models, especially in built-up areas. Adequate environmental
representations should include common database representations, dynamic effects and
interactions (holes are left by bombs, rain causes mud and swollen rivers, waves wash away
beaches, tides change, etc.), and greater accessibility of higher resolution databases.

= Approved joint future scenarios (scenario stability). It is important to understanding better
the relative merit of having one joint scenario across multiple experimental events or of tying
service specific scenarios to each other. We need to understand better the requirements for
seamless scenarios.
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Key Issues and Questions 2

» Lack of a joint validation process

* Acceptability of service-unique tools in a joint
environment

* Limited state-of-the-art in ability to
— Constructively model the hurnan decision process
— Accommodate the impact of “soft” factors

» Limited ability to provide models of the experimental
scenario

— Limits of knowledge of phenomena

— Lack of available M&S that treats features of new
concepts

» JE requires a full spectrum of federated components
e Developing Warfighter confidence in M&S and the process

This slide reiterates the issues that the working group felt were most important.
Annotations elaborating on these items accompanied the viewgraphs where the issues were
first presented. Summaries of the annotations are:

Lack of joint validation process. This lack impacts the inter-service acceptability of
tools developed by one service principally for their own use.

Acceptability of service-unique tools in a joint environment. Lack of cross-service
credibility stems from differences in types of issues that are modeled and objectives
of the model. Often, the overlapping regions of each model tend to disagree.

Limited ability to constructively model the human decision process. It is difficult to
understand, and hence model, how people use available information to make
decisions. Consequently, it is difficult to assess the contribution of information
technologies to performance. Analyses of information effectiveness are difficult
and incomplete.

Ability to provide models of the experimental scenario. Most current models are
tailored for mid- to high-intensity conflict. There is limited ability to represent
OOTW and MOUT. Addressing this limitation will likely require significant
resources, both because of limits of knowledge of phenomena and because of lack
of available M&S that treats features of new concepts.

M&S that plays in a full spectrum of JEs requires federated components. HLA
federates are not readily available. Creating new federations are difficult. Needed
federations are not usually available “off the shelf.” Bringing legacy models into
HLA compliance is often impractical.

Developing warfighter confidence in M&S and processes. Because it is difficult to
understand the assumptions and processes employed by models, warfighters cannot
be confident that model results are valid for the purposes of any particular
experiment objective.
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» DMSO sponsor ‘tiger team” to identify process to better
integrate modeling and simulation tools into the joint
experimentation process

— Would support on-going simulation based acquisition effort

e DMSO Environmental Technical Working Group examine and
report on the standard characteristics necessary for uniformity
of a global terrain database

» J-9 identify a sponsor to establish guidelines for using training
and analysis tools in experimentation

» Consider live simulations for OOTW experimentation
— Evaluate current OOTW tools
— Develop requirements for new OOTW models and simulations; especially
models of non-lethal weapons

» DMSO V&V technical working group establish formal VV&A
process for joint M&S and joint use of service M&S

DMSO sponsor “Tiger Team.” Since joint experimentation is so new, the working group
felt that a short-term team (sponsored by DMSO) should be organized to better understand
the process of integrating M&S into joint experimentation.

Need for uniformity in terrain database. The demand for terrain at various locations
around the world requires a standardized approach to ensuring a consistent/seamless
product that can be used by joint and service-specific experiments.

Training guidelines. Training tools emphasize realism for human operators and sometimes
lack physics-based details. Analysis tools are robust in physics-based representations, but
often lack realism. A balance must be struck between the two if detail is required and
realism is desired.
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* Adopt model-experiment-model approach
» Develop common joint semantics

» Ensure that concept and design phases are continuous and
iterative

» Appropriately use humans and live systems for assessing
impact of information operations and C2 systems
— Capture decision making data to support development of human
behavior representations
* Participate in future M&S development and enhancements
(e.g., JIWARS, Combat XXI) to ensure their suitability to
support JE

e Use a decision matrix to select best M&S tools for
supporting each experiment

Comrmon joint semantics. An example of lack of common semantics is in use of the term
“exercise.” The Army says it is an exercise, not an experiment. The Air Force says the
opposite.

OOTW for live simulations. OOTW are typically not well represented in current M&S
tools (which are based on Cold War scenarios.) Though some OOTW models exist;
requirements for these mission areas should be developed to meet future needs. For
example, models require representations of non-lethal weapons.

Use of humans and live systems. Whenever an experiment examines decision making,
command and control, and the processing of information, then humans and actual or
credible representations (for future) of C4ISR systems should be employed. This
requirement stems from the immature state of art for representing these processes. When
available, data on human decision making and behavior should be collected and used for
future constructive representations of human behavior and cognitive processes.

Use of decision matrix. A decision matrix that uses selection criteria, as described in
viewgraph 9, is strongly recommended as an aid for determining the best models and/or
simulations for an experiment. Criteria in addition to those described in this report, would
address other factors important to model selection.
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Jacqueline Henningsen,FS, WG Chair
Priscilla Glasow, WG Co-Chair
Linda Weber, WG Co-Chair
J.L. Adkinson

John Baird

Robert Fleming

Christine Fossett, FS

Frank Gross

Dean Hartley, Il

Floyd Kennedy, Jr.

LTC Michael Kwan

Ronald Magee

Mark Murray

CAPT JD Oliver

Randall Schmidt

Richard Simpson (NATO)
Donald Theune

LTC Fletcher Thomton

RADM (ret) Gary Wheatley
Leland Joe

Jerry Kotchka

Chuck Volmer

Lt Gen (ret) Steve Croker, USAF

® & ¢ 8 5 9 9 % S % 0 ® 0 e " P " O e v o

HQ USAF AXOC

MITRE

MITRE, USACOM J97
MCWL (EDO, TSA)
Raytheon Systems
Camber Corp.

GAO

CAl, USACOM J97

Data Systems R&D Prog.
Submarine Forces Atlantic
TRADOC Analysis Center
TRADOC Analysis Center
HQ TRADOC (Utilization)
USACOM J97/J98
BETAC, AFEO

Allied Command Atlantic
Virtual Technology Corp.
Joint Staff J8

Evidence Based Research
Synthesis, RAND
Synthesis, MORS Past President
Vil inc

EFX Senior Mentor

Working group members and their affiliations are shown on this slide.

Composition of the Group (does not include synthesis participation):

10 Government/Military
2 FFRDC
7 Contractors

Functional Composition:

2 United States Air Force

3 United States Army

1 United States Marine Corps
1 Navy/Joint

5 Joint (1 JS, 3 USACOM, 1 Jt Doctrine)
1 Office Secretary of Defense
1 USG (GAO)

1 DOE

1 NATO

3 Other (2 M&S, 1 AIAA)
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Working Group Objectives

* [dentify the critical issues in assessing and utilizing
the results of experiments

» Develop pragmatic guidelines for conducting valid
experiments whose results can be shared, while
supporting the needs of the operational community

The objectives of this working group focused on identifying issues and promising
approaches for assessment and utilization of experimental results. We also explored the
relationship between validation of M&S and validation of experiments.
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Working Group Tasks

Identify the issues that are germane to assessment
and utilization of results

Identify promising approaches for assessment and
utilization of results

Examine validation of experiments

Identify the critical issues in assessing experiments

including:

— The analysis of experiments vs. the analysis of concepts

— Synthesis of experimental results for DOTMLP
recommendations

Explore our ability to assess experiments (all three

levels - joint, major leveraged, minor leveraged)

Suggest actions that need to be taken to improve our

abllity to undertake the kind of assessment program

needed for joint experimentation

The objectives were further refined by choosing a series of specific tasks from the
overall Terms of Reference (TOR) for the meeting and modifying them to fit the
working group theme.
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Agenda of WG Presentations M&R>s

WLTARY CFEAATICNS ESTARIY

e Tues, 9 March
— Introductions - Jacqueline Henningsen, FS
— ACOM overview - CAPT Oliver, J97/J98
* Wed, 10 March
— Assessment and experimentation - LtGen (ret) Croker
— Service experimentation
* JCF AWE - LTC Kwan, JCF AWE Assessmenls
s JEFX - Mr. Schmidt, AF Experimentation Office
* Thurs, 11 March
— Validation of results - Priscilla Glasow
— Utilization of results - Mr. Volmer

Working group time was structured by the use of a limited number of key presentations
focused on the objective areas. This included a challenge briefing from CAPT Oliver,
J97/98. Lt Gen. (ret) Steve Croaker, USAF, led a seminar and discussion on observations
and lessons learned from EFX 98 with broader implications for assessments of experiments.
Methods for including assessment in the Army Advanced Warfighting Experiments and the
Air Force’s next Expeditionary Air Force Experiment were presented and discussed by LTC
Kwan of the Army and Mr. Schmidt representing the Air Force. Priscilla Glasow led a
discussion of validation as it applies to M&S in comparison to experimentation. Finally,
Mr. Volmer explored the utilization of experimental results by external groups such as
Congress.
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Identified by J97/J98, Guest Speakers and Participants

» Assessment of subjective/dirty data

e 2 levels of data utilization - how to deal with each?
— Experiment data
— Data to support concepts

e Re-composition of information to ensure complete
coverage of a concept

» Who/what/where/when/why/how of assessment and
who is the customer

e Validation: similarities and differences of meaning for
experimentation and M&S

» Best utilization of experimental results for
public/private debate

On the first aftemoon, Captain J.D. Oliver, J97/98, presented an overview of the J97
Assessment Division and the J98 Integration Division. He identified the following issues for
working group discussion:

1) Assessment of subjective/dirty data.
2) Experiment versus conceptual data utilization.
3 Recomposition of information to ensure complete coverage of a concept.

To these baseline issues, the group added the requirement to understand “who, what, where,
when, why and how of assessment and who is the customer.

Further progress through the presentations led to concerns about the utilization of
experimental results in the public (external to the experimental process) and private (relevant
to the experimental purpose.)



Assessment and Utilization of Results Working Group

Assessment Issues mR’

* FEthical issues in experimentation - what are laws for
experimentation with people, do they apply to military?

* Managing the media with respect to results

* Misconception that assessment is an ‘add on’ to the experiment

» Participants

— Proper Selection Does Matter (Golden Crews, Cat-5 or
Rainbow, etc.)
— Inclusion (part of feedback loop; remediate if necessary)
» The live event is NOT the experiment; it may not even be
necessary

» Concept exploration should include many experiments, but
experiment may be the universe, part of an exercise, or part of
a broader experiment

— How does assessment differ across these? The tasks are
similar, but sphere of influence differs

Additional issues that call for careful consideration are provided on this slide. For instance,
members were surprised by the information that regulations may call for careful use of release

- processes for many simple experimental assessment procedures; such as human factors based

surveys. The group noted that many organizations maintain “human subject review teams”
and suggested this may need exploration. The concept of effectively managing the media was
not intended to have a negative connotation. Rather it emphasized the idea that some aspect of
assessment preparation may need to be focused on ensuring that a reasonable process for
providing insights and first order observations to the press should be considered. Participants
stressed the idea that assessment should not be viewed as an add-on, but treated as a fully
integrated part of the experiment. The group spent a lot of time discussing the criticality of
properly selecting the participants in an experiment. It is extremely important to know
whether the use of uniquely qualified, not-fit for other taskings or cross community teams are
best suited to obtaining experimental information. Equally important is an early decision
concerning the proposed treatment and involvement of participants. Will they be full partners
in the assessment process with transparency in results or will they be shielded from knowledge
of outcomes. If a major problem emerges that will greatly reduce the ability of obtaining
valuable data, will the experiment be “restarted” or will it move forward at all costs. Again,
these are issues that need to be decided for each aspect of a complex experiment. Working
group members noted that it is very important to dissuade the view that the live event is the
valuable or only real part of the experiment. It is equally important to use the full pre and post
period activities as part of the experiment (possibly by the use of simulation). Focusing on the
joint experimentation challenge, participants noted that concept exploration will likely be
composed of numerous experiments. Therefore, an experiment may be viewed from the
perspective of how it fits in the overall campaign or how it is meeting a narrow objective. The
assessment process will be structured differently to evaluate the context of the experiment.
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Validation Issues mRS

» Validation of simulation was the discussion point of departure
» WG explored how validation might fit experimentation.
* [ssues

— Validation planning occurs simultaneously with experiment
concept development and planning

- Qualitative and quantitative methods will be used in
experimentation and validation must address both

— Determination of organizational roles, responsibilities, and
relationships is a prerequisite to experiment validation

— Each experiment is a different assessment event requiring
different validation requirements and approaches

Priscilla Glasow’s guided discussion on validation led to the identification of the issues listed
above. It was viewed as important, but under-appreciated, that validation planning should
occur simultaneously with experiment planning. Further, the validation must address both
the qualitative and quantitative aspects of the experiment. The former is obviously easier
than the latter. It is equally important to understand that validation does not cut across all
assessment events in an experiment. It must be tailored to each aspect appropriately.
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Utilization of Results Issues

* Results published on front page of the Post (w/o approval)
» Wrong lessons learned/political filtering
» Perishable data/results (timeliness)

» Results don’t get to users (right levels)
» Loss of capture opportunities

* Roles and missions (Title 10 Issues)

* Failure of experiment to identify all relevant
issues (e.g. logistics/information/training)

 Service concerns (re: loss of destiny control, loss of control of
experiments)

» Ownership of data (DoD control and persistence — don’t pay
for data twice, know where to get data)

The utilization of results issues focused on the public vice private use of experimental
results. The latter is most frequently what the designers, planners and players have in
mind, but the former should be given careful attention. Dangers lie not only in early or
inaccurate release of results, but equally with the possibility of negative lessons learned.
Without proper training in the purpose of an experimental design, participants frequently
fall into the “win at all costs” exercise mentality. This can not only lead to poor
experimental data gathering, but also to negative leamning and disgruntled participants who
report their limited perception as truth for the whole experiment. This can also occur
when observers see a weakness or “failure.” The ability to fail is the mantra of
experimentation, but is difficult to communicate as a learning tool. A number of other
important considerations in the utilization of results are noted. The presentation by Chuck
Volmer highlighted a wide range of additional linkages to areas as broad reaching as the
National Security structure debate.
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Lessons Learned Tutorial M&ERS
by Lt Gen (ret) Steve Croker —

* Designing the Experiment
- Need a high level operations concept, end state
— Prioritization scheme critical up front
— Must enforce a “good idea” cutoff date
- Experiment Director needs strong authority
— Need Service/Joint policy for experiments

* Planning the Assessment
— Decide early who is doing the assessment
— Integrate assessors as full partners
— Publish one set of collective lessons learned
— Remember experiments are NOT exercises
— Focus on assessor manning, stop turnover
— Select assessors from community of operators, developers and
testers

Lt Gen Steve Croker, USAF (ret), who has served as a Senior Mentor for numerous service
and joint experimentation, wargaming and exercise events, led a seminar drawn from
observations of Expeditionary Air Force Experiment (EFX 98) and other venues to explore
lessons learned, key assessment issues, data collection methods and an assessment roadmap.
He emphasized that large-scale experimentation is a new, uncertain process and it is
essential to allow for failures. EFX 98 validated the promise of experimentation and
provided a test bed for evolving the experimentation assessment process. He focused on
some significant assessment lessons included the value of using an “enterprise” versus an
“independent test” approach to assessment. (He noted that even more fundamental is the
importance of clearly communicating to all parties the underlying premise of whatever
assessment process will be used).
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Lessons Learned Tutorial (continued) mRS
by Lt Gen (ret) Steve Croker

e Implementing the Assessment
— Keep all assessments under one roof
— 10:1 operator to assessor ratic about right
— Rate the experience of the source
— Cross-functional assessment teams work
— Need a simple, manual questionnaire
— Don't forget the key people’s judgements
* Process Notes
— When assessing tools to be used by all services, use all services
equipment
— The ability of M&S to stop/start and provide “instant replays” is key
— Test piece parts before the entire system
— Unless we know where we are going, any road will get us there

The enterprise approach required that assessors are considered full partners in the experimental
process, and are integrated into the experiment from the first step of planning. It is also important
to recognize the need for early involvement of M&S, the establishment of prioritization schemes
to help distinguish the relative importance of various experimental components, and to realize the
difficulty of layering experiments onto exercises. A number of his discussion topics are provided
on these slides. Additional insights were included in the full presentation.
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Assessment: Who

* Team with “strong” lead analyst — “junk yard dog”
— Joint representation (coalition?)
— Multidisciplinary
— Subject-matter expertise
— Analytic expertise
— Data technicians
» Evidence of success
— Credible to range of customers
— Team perceived as knowledgeable

— Authority is sufficient to ensure balance between
different levels of experiment

Various aspects of “who” should lead and participate in the assessment team was explored.
Participants were amused by one speaker’s statement that the leader must have the tenacity
of a “junk yard dog” in order to keep the balanced position for assessment. The proper
representatives on an assessment team are not uniformly identifiable, but the notes on this
page indicate some of the considerations that should be part of the planning process. The
Assessment planners may wish to develop a checklist that is reviewed for each “event.” A
balanced team may need to have a multidisciplinary rainbow coalition of its own (similar
to the EFX 98 concept of participants selected from a range of venues). The role of joint
and coalition membership on the assessment team vice on an observer team will be closely
linked to the objectives of the event. Clearly subject matter expertise is desirable, but
there is also the difficult consideration of whether to put the best SME’s in player or
assessor roles. This tension can be addressed if the assessment is considered a partnership
rather than a scored test. The next slide addresses this concept.
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How Balance of Power is Different for

Experiments
Experiment Experiment
Training Director Director
T&E
Operators, ASSessors Operators ASSESSOrS
(Trainees)

Developers/ il

The graphic in this slide highlights the concept introduced by Lt Gen Croker and expanded
by the working group of carefully distinguishing the assessor from the various roles of an
Assessor in training, exercise and experimentation venues. The heavy lines show the areas
that tend to have greater authority in each venue. Further in considering each case, it is
important to understand the relationship between team members. In experimentation, the
group hypothesized that assessor (little a) should be an equal partner in a team that includes
the operators, and the developers (concept or system). An Assessor (big A) in the
traditional experimental sense stands back (with a clipboard) and grades the experiment
while minimizing interference. In the case of the assessor (little a), assessment takes place
through a cooperative process in which the operators’, and when appropriate the
developers’, observations are captured and prepared for analysis by the assessment team
using various data capture mechanisms. In this case, the assessor is a facilitator of
information capture and appropriate feedback. The group postulated that there 1s no true
experiment value without integrated assessment.
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MERS

Balance of Power for Experiments

Gen. Croker wLTRAY SPEANITNS BESEAR N4 30 ETY
“Layered
y d Experiment
@ , Director
Spiral”

“Innovation
and Discovery’

k4

Assessors

Developers

Joint Experiment w/o Leveraging Current Joint and Service
Experimentation Programs

Continuing the graphic introduced in the previous slide, assessment applies not only to an
individual experiment, but also to progress on the overall campaign. In view of the use of
spiral experimentation to advance through a series of increasingly complex interactions, the
working group coined the term spiral assessment to capture the importance of tailoring the
assessment process to different stages of experimentation. In the early phases of exploration
when systems are just being introduced or concepts being refined, the assessment process
should be tightly focused on identifying ways to move the individual aspect along (or
identifying its inappropriateness for the experiment.) In the later stages, the assessment
should refocus on the interactions, finally in the final stages assessment should focus on the
potential of the system of systems and concepts. The term layered assessment was
introduced to focus attention on the need to provide parallel assessments of the progress of
the entire Joint Experimentation campaign, of the specific aspects of various experiments, of
the individual aspects of a specific experiment.
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Leveraging Other Events

Experiment

Developers
Joint Experiment Leveraging  Joint Experiment Leveraging
a Service or CINC Experiment an Exercise

The pyramid charts were used to portray the idea that current programs may tend to be
disjoint experiments. This slide highlights the point that there are multiple layers of
relationship between different events and the overall JE Campaign. For instance, a joint
experiment may be embedded within a service or CINC exercise or experiment. The role of
the assessors in this case must clearly indicate a reporting chain and rules of procedure for
release of results.
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Assessment: What mR§

* LT CFEARTIZNS FEELARIA 500 I

» Assessment integrated with all phases of
experimentation:

— Concept development: evaluability assessment; meta-
analysis of past work

— Planning: feasibility assessment

— Design: study design, scenario development and data
management plan

— Conduct: adaptable data collection (prepare for
unexpected); feedback (modification; rerun...)

— Assessment:

* Post-1: immediate assessment reporting
» Post-2: integrative assessment: synthesis; knowledge
management (storage and retrieval for future use) — may require
‘iterative reporting’
— Integration: re-composition of information to assess
concepts across multiple events

Assessment must be fully integrated throughout all phases of experimentation including
concept development, planning, design, as well as conduct. Assessment is so vital to the
outcomes and the resources involved in experiments are so dear, that assessors should be
fully integrated into the experimental design, planning, execution and replanning and
have representation at the senior level of the oversight process. The working group
concluded that aloof independence is not preferred at the level of the actual experiment
and that operators and developers are part of the assessment team. There is a need to
establish the credibility of the assessment team interface and a strong support for the
assessors needs to be established early in the process. This means that Rules of
Engagement (RoE) and interaction will need to be carefully defined by a strong
assessment team lead who is tightly linked to the Experiment Director (ED).
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Assessment: What (continued) M&éR>

WL Tae CREALTIZNS RESTARSH 300 ITY

e FEvidence of Success:

— Appropriate scope: asking the right questions in
context

— Accurate and “objective” with quantitative and
qualitative data analysis

— Full disclosure in reporting
— Results oriented, for example
» Impact on force
» Candidates for acquisition
* DOTMLP impact
» Experiment and analysis implications

The group examined various measures of what should be included in assessment. Members
were particularly concerned that the assessment process be results oriented. Very rapid
feedback concerning progress on objectives has been observed as a standard expectation of
senior leadership, and participants as well as observers will freely disseminate their views of
success or failure, so a carefully prepared process for reporting various levels of the
assessment in a timely manner is critical. If an assessment plan with timed feedback points
and level of detail is part of the original plan as well as steps for transitioning the results into
future events is prepared during the design and planning phase, there is more likelihood that
valuable lessons will not be overlooked. A key point noted time and again was the need to
instill at all levels that an EXPERIMENT IS NOT THE SAME AS AN EXERCISE.
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Assessment: What (conciuded)

* [ssues:

— Assessment tasks are shared responsibility with
operators and developers

— Reporting is continuous and corporate/enterprise
effort (with assessment lead)

* Initial impressions reporting from rehearsals
and training is valid

* Immediate reporting before participants leave a
live event ensures ‘proper’ lessons learned
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Assessment: Where MénRs

WLTIRY OFEALIINS AESLAATH SCCETY

e Multi-dimensions of assessment (next slide)
¢ Measures:

— Completeness of assessment by event

— Completeness of assessment by concept
* [ssues:

- Very complex

— Re-composition of information across events to
support concepts

Measures for assessment need to be developed and responsive to not only the various
concepts being explored, but also to the various event types such as joint, major leveraged
(usually multi-Service initiated events) and minor leveraged (perhaps a tag on to an
individual Service event.) Decisions about the location, distribution, housing, funding,
reporting chain and other aspects of the assessment process and team must be made.
Experienced group members cautioned against removing the assessors too far from the
“heart” of the experiment and the ability to quickly identify and work with the director to
resolve emerging problems that would minimize the ability to work on core objectives.
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Assessment: When

e Early and continuous: start with concept
* Immediate utility
» Cumulative utility
* Measures:
— Timely information
— Knowledge repository
» [ssues:

— Analysts must find ways to be timely without
sacrificing quality

It is worth repeating that assessment must be fully integrated into the experimental design,
implementation and review. Both aspects of immediate and cumulative utility must be
considered in the design of the assessment process. Measures must account for both the
release of timely information sufficient to satisfy early needs for feedback, and the
requirements for a more comprehensive knowledge repository that can be used to develop
an encompassing picture of progress toward the JE campaign goals. It is critical that the
assessors/analysts find ways to be both timely and to maintain quality. The partnership with
the whole exercise team must be attuned to fulfilling this critical function.
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Assessment: Why

» Experiment is equivalent to Assessment (analysts’
relief act)

* Experimentis the...

— Act of attempting an innovative method of
operation, especially to assess its feasibility,
evaluate its utility or determine its limits.

— Opportunity to observe military phenomena and
gather, interpret and act on information.

e Without assessment, an experiment is just a
demonstration.

It is easy to come to a conclusion that experimentation is inseparable from assessment
(group members joked that an understanding of the absolutely critical role of analysts in
this process would lead to renewed appreciation of the role of the analyst). This slide
identifies some of the ways that an experiment (in the context of joint experimentation)
can be considered. Some of the ways that experimentation success can be measured are
the longevity of the findings, the discovery of new ideas and the amount of value added
information for decision makers. Some issues include the lack of common definitions
which may lead to false expectations, and the inability to separate events (such as
exercises) in which failure is unacceptable from experimentation where failure is often
the source of the most important lessons.
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TR CREATING MR

Assessment: WhY (conciuded)

* Measures:

— Longevity

— Discovery, new ideas

— Value added information for decision making
* |ssues:

— Lack of common definitions (understanding) for
experiment and assessment (possibly unrealistic
expectations)
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Assessment: How

» Spiral: iterative process

» Methods for deconfliction and determining
interaction/integration among concepts required

» Tools for data collection, reduction, analysis,
synthesis — possible requirement for new tool
development to support experimentation
— Models and simulations
— Quantitative and qualitative

* Measures of merit: MOP/MOE, EOS, KRA

* Open to discovery; expect unexpected; flexible and
adaptive

* Resources

Several examples of how to run experiments were examined. Some features that the group
felt were valuable to the assessment process included the concept of SPIRAL assessment
that was previously described in the pyramid charts. Spiral assessment processes may help
work through the need to deconflict and examine the interactions among the concepts that
are under review both globally and for a specific experiment. It is possible that new tools
for data collection reduction, analysis or synthesis will be required to support the
experimentation process, but funding issues are more likely to encourage the use of
existing or analyst developed adaptations of existing tools. Still, the assessment process
should not be left without the resources to develop critical tools, to bring on board
appropriate experts or to maintain continuity of involvement with experienced team
members.
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n .
ORRCGREITISNS AESTAINA SO0 1Y

Assessment: How (conciuded)

e Measures:
— Useful information
e [ssues:

— Assessment mis-perceived as add-on to an
experiment — must have integration from ‘day one’

— Subjective/dirty data methods (USAF methods
depicted on following 3 slides)
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Assessment: Customers M&én>

0L TA2Y QFEIRTICNG BESTIATA S0CETY

e Direct:
- JROC/CJCS
- 0OS8D
- Services
— CINC Commanders
— Participants
* Indirect:
— Congress
— Agencies
— Industry

The idea that there are both direct and indirect customers for experimentation is an essential
understanding for the assessment planning process. If the assessment is not developed in a
way to address both requirements, then contradictory information may emerge. The
measures for the “prime” customer may differ from the measures needed for a public affairs
presentation. The JE leadership must determine early in the process what the relationship
will be between the various members of the team in terms of use, release and interpretation
of information. The analyst usually prefers to keep a distance from this aspect of use of
information, but it is valuable to note that an information void will be filled by pieces of
information expanded to fill holes. Once a perception is formed, it is often difficult to show
its weakness with later arriving information. This aspect of assessment was further
explored in the section on use of results.
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Assessment: Customers (conciuded)

* Measures:
— Satisfaction by prime customer
* Does not equate to fiking the results’
— Use of knowledge gained
* [ssues:
— Differing (conflicting?) expectations (uses)

— Mis-use of results by customer or for unintended
customers




Validation of Experiments

Assessment and Utilization of Results Working Group

MERS

"L IA3Y OFEANTIZNS AESERAIA 5

Concerns

— Need to maintain focus on the analytical purpose of the
experiment and validate/assess against that purpose.

— Models and simulations embedded for use within an
experiment must be verified, validated and accredited for that
intended use.

Recommendations

— OR organizations that support experimentation might offer
refresher training in the use of qualitative methods and how
to validate and integrate qualitative data with quantitative
results.

— Definition of validation concepts as they apply to
experimentation is needed and may benefit from a follow-on
MORS workshop.

Priscilla Glasow of the Mitre Corporation, who is an expert on DoD Modeling and
Simulation Verification, Validation and Accreditation, led the group in an exploration of the
similarities and differences between M&S and experiment validation. Participants focused
on the use of analytic tools and models, the producing of “actionable” information and the
fact that both offer the opportunity to empirically observe military phenomena. Differences
include the fact that simulation examines potential effects; experimentation examines actual

effects; and simulation applications are carefully constructed processes that are used to test
hypotheses. In contrast, experimentation (as defined by Worley) is a heuristic approach that
employs trial and error to support discovery. Some specific concemns and recommendations
are shown on this slide.
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Utilization of Results Méns

WL TR CREAATIINS RESIARI4 SCC N

» Invest/divest (revise - fine tune investment strategy)
* Evolve DOTMLP recommendations

» Document the analytical underpinning of results

» Marketing (pro/con)

» Guide industry partners/R&D

Chuck Volmer, VII Inc, presented a thought provoking discussion on the utilization of
experimental results to the working group. He started with the hypothesis that “DoD’s
ORSA/Experimentation process may lack management and administrative checks and
balances to avoid intentional or unintentional manipulation or misuse of analytical results.”
He noted that experiments run the gamut from studies to live fire demos. Mr. Volmer
discussed the distinctions between the private (internal to DoD, a service or a sector) and the
private national security debates. He noted that joint experimentation as a part of national
security public debate has been offered as a big part of the solution to arriving at the answers
as well as a catalyst for transformation (by the National Defense Panel (NDP)). He
concluded that DoD’s path to 2025 will depend largely on the integrity and discipline of the
ORSA and Experimentation process. A sample of some of the detailed information covered
in this presentation includes: an overview of the over 125 “experiments” a year conducted by
DoD, a matrix for managing complex change, an examination of some of the challenges to
organizational change and a call for a single strategic framework to integrate studies,
wargames/seminars, exercises and experimentation. His suggestions for utilization of
experimental results are found on slide 33, but it is recommended that the full presentation be
examined by those who are interested in a broader understanding of this important aspect of

experimentation.
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Utilization of Results onciuded) MERS

* [dentify discoveries and insights for further exploration
* Next event planning
» Refine experiment methods

» Ensure results become part of the DoD permanent
body of knowledge

» Exploit LHF

(Low Hanging Fruit)
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DoD Conducts Over 125 Experiments

per Year

375 DoD Events (FY97-99):
= Studies and Analyses
= Wargames
= Modeling and Simulation
= Exercises

= Advanced Concept Technology 9‘* 8

Demonstrations
m Battle Laboratories
Organization (Emphasis)
= 153 Army Events (Modeling and
Simulation)
w 120 Joint Events (Decision Suppo

= 71 Air Force Events (Studies and
Analyses)

w 20 Marine Corps Events (Live
Demos)

= 11 Navy Events (Wargames)

VII Study & Database

Synthetic Environment Activities

Air Force

VII, Inc

DoD Needs To Avoid “Synthetic Environment Overload” Volmer
As We Collectively Approach Major Policy Milestones
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A Single Strategic Framework Is ™
g g MERS
Needed WLTE R4TIINS ESEAT M 300 1Y

A DoD Oversight Group Might Be Beneficial For Assessment,

Validation, Integration And Adjudication Of Joint and Inter-
Department/Agency Experiment Results
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Focus On Both Public And Private n:8

Debates
Current DoD

Private Debate Public Debate  EmPhasis
» Battle-of-the-bullets : » Battle-of-the-budget
* Near-term outlook * Far-term outlook

» QOperations driven » Policy driven
* Airpower speak * Joint/land/Washington
» Service focus sp?ak
» System orientation * Joint focus
» Emphasis * System-of-systems
— “Shooters” orientation
~ “Sensors” * Emphasis
— “Movers” - “Sensors”
- “Movers”
— “Shooters”

Results Of DoD Experiments Are Often Misused In The Public Debate
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Suggestions

w Create an overall strategic framework for joint
experimentation and inter-department/agency
experimentation (and perhaps intra-department
experimentation)

w Create an oversight group (other than ACOM) to
assess, validate, integrate and adjudicate potential
conflicts before they are aired in the public debate
process

w Implement quickly (milestones will soon be upon us)
but take a long-term view
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Additional Insights mRS

e AWE -LTC Kwan
o EFX - Mr. Schmidt

In the words of Lt Gen Croker, experimentation (and especially large-scale
experimentation) are essential to transform the DoD into a relevant, capable 21st Century
force. Experimentation IS A VALID CONCEPT, and can save lots of money and
time...IF... there is the proper assessment and validation of results (so it is not just a
demonstration). Experimentation is also a new and uncertain method where all the best
practices have not yet been captured and catalogued. Assessment of experimentation is
equally new and uncertain, where all the best practices have not yet been captured and
catalogued. So a certain tolerance for failure is critical. But to date, the promise held out
where experimentation is properly supported by integrated assessment is considerable.
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AWE Template for Analysis Methodology -
(Model - Event - Model [M-E-M] Process) mR:

L 783Y CFERRTIZNS AESIARIA SO0 ETY

The live event
is NOT the
experiment;
the experiment
is the entire
process!

LTC Michael Kwan described the Army Advanced Warfighting Experiment (AWE) process.
AWE’s were characterized as finding waysto accelerate change, stimulate thinking, leverage
judgements of commanders and soldiers to “change the way [the Army] changes.” AWE’s
are intended to reach across doctrine, training, leader development, organization, materiel
and soldier support. The focus on model-exercise-model was of great interest to participants.
This process starts with scenario and issue analysis used to predict the outcomes of live
simulations. The actual outcomes of live simulation are then used to validate and expand
“what if” analysis. The live simulation phase is used to focus on data collection, but is also
frequently enhanced with simulations/stimulations. Four recommended parallel steps to
prepare for a successful AWE were to select and train the experimental force, the opposing
force, the observer/controllers and data collectors and (educate) DoD/service senior officials
and decision makers. In particular, he provided thoughts on the Joint Contingency Force
Advanced Warfighting Experiment (JCFAWE). He explained the template for the analysis
methodology that outlines the model-exercise-model process, its relation to the
experimentation process and a strawman analysis approach. He stressed the importance of
the pre- and post exercise period in which simulation and modeling is used to evaluate a
broad range of alternatives that are impossible to examine within a constrained exercise
venue.
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EFX ‘98 Assessment MRS

85 dedicated assessors and 300+ participants
— Located at distributed rear, forward and strategic sites
— Focused on processes and technologies
— Run through entire process (3 Spirals and Experiment)
~ Entered directly into Joint Universal Lessons Learned (JULL) database
JFACC “Hotwash” at CORONA Fall
Technical Assessment
Web Page — General Observations and System Application Survey

Senior mentors — Gen(Ret) Horner, LtGen(Ret) Croker, MajGen(Ret)
Corder, BGen(Ret) Loy

Mr. Randy Schmidt, BETAC, who supports the Air Force Experimentation Office
(AFEO) provided additional insights on the Air Force’s EFX process. He stressed the
importance of the spiral development process and noted that the experiment mantra should
be “input, share and analyze.” He explained an evolving web technology procedure for
gathering experiment lessons learned with links to the Joint Universal Lessons Learned
System. He noted that assessment must allow extension of the hypothesis structure from
“if — then” to “if — then — so what.”
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- Standardized queries on web
- Rapid data analysis

- Feeding DoD lessons learned
database system

e
SO Raper
i

el scancommen.
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MILITARY OPERATIONS RESEARCH SOCIETY

Joint Experimentation
Workshop

Report of the
Synthesis WG

This presentation provides the highlights from the deliberations of the Synthesis
Working Group. As a context for those highlights, a business process re-engineering
framework is introduced. Using that framework, the report focuses on six key areas:
culture, organization, people, processes, resources and tools/data. For each area, key
findings and recommendations are provided. The report concludes with some overall
observations on joint experimentation.
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Working Group Participants

Synthesis WG

* Planning Experiments
» Design of Experiments

» Preparation, Conduct of...
« M&S

» Assessment, Utilization

» Floaters

Russ Richards (MITRE)
Dick Hayes (EBR)
Clayton Thomas, FS (USAF)

Ken Jordan (SAIC)

Dean Free (USN)

Stuart Starr (MITRE)
John Baird (Raytheon)
Leland Joe (RAND)

Jerry Kotchka (Boeing)
David Alberts (OSD)

Col Jon Gallinetti (ACOM)

The accompanying vugraph identifies the individuals that participated on the

Synthesis Working Group. It can be seen that the participants brought a wide variety
nt and individual Service; industrial;

of perspectives to bear on the problem (i.e., joi
FFRDC).

Each individual on the working group had two assignments. As their “Day Job,” they
participated on the individual working groups cited above. As their “Night Job,” they
had two tasks. First, they helped synthesize selected findings and recommendations of

the individual working groups into a “meta-story.” Second, they provided
independent, value-added findings and conclusions to this synthesis report.
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The Experimental Space

Maturity of
Knowledge
Domain
Experimental
Events Within
a Campaign Plan

L,uxupw)uty
{Multi-dimension  al)

To provide a context for their discussions, the Synthesis Working Group adopted the
above model of the experimental space. The space is defined by three dimensions:

e The maturity of knowledge domain. At the outset of an experimental campaign, it
is presumed that relatively little is known about the new operational concept of
interest (e.g., great uncertainty about the potential effectiveness of the concept
over a broad range of potential scenarios). By the conclusion of the experimental
campaign, it is anticipated that senior decision makers will have extensive
knowledge about the effectiveness of the proposed concept and an in-depth
appreciation of its impact on Doctrine, Organizations, Training, Materiel,
Leadership and Personnel (DOTML-P).

»  Complexity. There are many dimensions that characterize the complexity of the
candidate concepts of operations. These include, inter alia, the numbers of
echelons involved, the information flow, the numbers of actors and their
interactions. As suggested by the figure, it would be prudent to begin the
experimental campaign by conducting experimental events that are limited to
simplified aspects of the concept before addressing the full set of complicating
factors.

* Tools. Experimenters have a broad range of potential tools at their disposal
ranging from low fidelity (e.g., expert elicitation, system dynamics models) to
high fidelity (e.g., live experiments in complex operational environments). As
suggested by the figure, the lower fidelity tools should be used to develop a broad,
initial understanding of the proposed concept, with tools of greater fidelity
employed selectively to gain greater maturity of knowledge.
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A Framework for Joint Méns

Experimentation

Culture

The accompanying figure provides a business process re-engineering perspective of
the joint experimentation enterprise. The Synthesis Working Group concluded that if
joint experimentation is to be successful, it must address all of these factors,
consistently.

As a back drop to the effort, consideration must be given to the cultural changes that
are a necessary prerequisite to effective transformation of the military enterprise.
Second, there are several organizational issues that must be addressed. These involve
both the organization of the teams charged with performing experiments and the
ACOM J9 staff. Third, the people involved in all phases of the experiment constitute a
critical intellectual resource. Attention must be paid to their education and training to
prepare them to participate in the experimentation process. The inner segment of the
framework provides the linkage between high level guidance to the experimental
process (e.g., policy and concepts) and the primary products of that process (i.e.,
DOTML-P recommendations). To implement this linkage, a “spiral” set of actions is
envisaged which sequentially performs a set of experimental processes supported by a
broad set of tools. The figure emphasizes that these experimental processes and tools
are constrained by available resources (e.g., funds, manpower, systems). The
remainder of this report summarizes major findings and recommendations for selected
elements of this framework.
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Culture

» Selected Findings
« Joint experimentation is only one of many elements needed
for successful transformation
» Major obstacles to joint experimentation include
« Lack of common lexicon
 Heterogeneous views about nature of “Experimentation”
+ Multiple Time Frames (near-, mid-, far-term)
» Non-DoD (e.g., coalition, interagency, NGO) issues
exacerbate the problem

Selected Findings. The Synthesis Working Group found that joint experimentation is
not an end unto itself. It is only one of many elements that is needed to transform the
military enterprise successfully. As an illustration of some of the other critical steps
that must be undertaken in concert with joint experimentation, Reference 1 cites
nineteen activities (one of which is “analysis, test, simulation, feedback (early;
repetitive) and lessons learned”) aggregated into the categories of Concepts and
Analyses; Organization and People; Management and Direction; and Resources and
Technology.

There are several major cultural obstacles that must be overcome if the joint
experimentation segment of the transformation is to be executed effectively and
efficiently. First, it was made apparent during the workshop that the service and joint
experimentation communities frequently use key terms (e.g., “‘experimentation”)
inconsistently. Second, these communities have heterogeneous views about the nature
of experimentation (e.g., whether they are on “voyages of discovery,” confirming
proposed hypotheses, a phase of the “system-of-systems” acquisition process or
demonstrating a result). Finally, it was observed that confusion is introduced by the
different time frames of interest (e.g., near-term explorations of variations on
operational concepts, vice far-term efforts to assess basic transformations of the
military establishment).
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» Selected findings
« Joint experimentation is only one of many elements needed
for successful transformation
» Major obstacles to joint experimentation include
« Lack of common lexicon
« Heterogeneous views about nature of “experimentation”
» Multiple time frames (near-, mid-, far-term)
» Non-DoD (e.g., coalition, interagency, NGO) issues
exacerbate the problem
» Conclusions
» A common lexicon must be developed for
» Basic terms
* Key mission areas
» Cultural issues must be addressed at the leadership level

It was further observed that future experimentation efforts will pose still more
profound cultural changes. As experimentation begins to turn towards the issues
associated with “New World Disorder” missions (e.g., peacemaking), a host of new
participants will be involved. These will include coalition partners, interagency
participants (e.g., the Department of Justice in the problem of critical infrastructure
protection) and nongovernmental organizations (e.g., Red Cross, in support of
humanitarian assistance). These additional perspectives will introduce challenges that
will make it more difficult to execute all phases of an experimental campaign.

Conclusions. As an initial step towards ameliorating these cultural issues, a common
lexicon must be developed for the basic terms used to describe experiments and
experimental campaigns. In addition, this lexicon should define the key mission areas
that are the subject of joint experimentation efforts. MORS is well positioned to take a
major role in these endeavors.

Ultimately, it is the leadership level that must take the lead in effecting the many
cultural changes that are required if successful experimentation is to result in
successful transformation of the military enterprise.
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» Selected findings
» Organizational issues have degraded the utility of selected
service experiments; e.g.,
» Stovepiping, lack of continuity, lack of enterprise perspective

» ACOM J9 organization appears suitable for ramp up; perhaps
sub-optimal for steady state operations

Selected findings. There are two important facets of the organizational dimension to the
experimentation problem. First, it was noted that organizational issues have degraded the
utility of selected service experiments. For example, in several service experiments there
has been a lack of continuity of key personnel as the experimental campaign progressed.
Those personnel discontinuities have adversely affected the experimental learning curve.
In addition, service “stovepipes” have limited the transference of “lessons recorded” in one
service experimentation activity to another. As an example, during the Army’s Task Force
XX1 experiments, certain lessons were recorded that were briefed to the USAF’s
Expeditionary Forces Experiment (EFX) (e.g., limit the number of new initiatives; allow
adequate time for training experimental personnel; enforce a “good idea cut-off date”).
However, there is little evidence that these lessons recorded were truly learned and acted
upon.

The second facet of the organizational dimension deals with the organization of the
ACOM J9 staff. Currently, that staff has adopted an organization that reflects the
individual phases of the experimentation process (i.., planning, design, preparation,
conduct, assessments, . ..). The Synthesis Working Group observed that this organization of
the staff was probably suitable for the initial ramp up phase of J9. However, it was
observed that as the process transitions into “steady state” (i.e., ACOM pursues several
experimental initiatives, in parallel), it may prove desirable to transition to a matrix
organization where life cycle responsibility for selected experimental themes are vested in
a single entity with support from cells of specialized expertise.
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Organization (Concluded)

» Selected findings
» Organizational issues have degraded the utility of selected
service experiments; e.g.,
» Stovepiping, lack of continuity, lack of enterprise perspective

« ACOM J9 organization appears suitable for ramp up; perhaps
sub-optimal for steady state operations

» Conclusions
» A focal point (e.g., ACOM J9) is needed to
+ Collect organizational “lessons recorded” in service experiments
« Distill them into lessons learned
 Facilitate their application
» Re-evaluation of ACOM J9 organizational structure is needed to
ensure “cradle-to-grave” continuity (e.g., consider matrix
organization)

Conclusions. To address the issues that emerge from organizational stovepipes, a
focal point is needed to collect organizational “lessons recorded” in service
experiments, distill them into “lessons learned,” and facilitate their application to other
joint or service experiments. ACOM J9 is uniquely positioned to play this role.

Finally, as noted above, the benefits and costs of a modified ACOM J9 should be
evaluated in which “cradle-to-grave” experimental continuity is vested in an
organizational unit with matrixed support for selected, in-depth technical support.
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« Selected finding

« Education and training are deficient for all participants
= Experiment director, the consumers, players, assessors, et al

Selected Findings. Several presentations at the workshop revealed that, in initial
service experiments, education and training have been deficient for all participants in
experiments. It was emphasized that this deficiency has adversely affected
experimentation performance at all levels. (i.e., from the experimental director through
the data collectors/assessors). One of the reasons for this shortfall is the inevitable
“time crunch” that is the result of “success-oriented” planning of experiments. Time
for education and training is generally the first casualty. As a consequence, it is not
unusual for the players to be inadequately conversant with concepts and processes
when the experiment begins. The resulting “on-the-experiment” learning, inevitably
confounds the results of the experiment.
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» Selected finding
» Education and training are deficient for all participants
« Experiment director, the consumers, players, assessors, et al
» Conclusions

» An education campaign is needed (with courses and
materials)

« Sufficient resources and adequate time are needed for
training to performance standards (TBD) prior to an
experimental event

» [Itis necessary to attract, retain, cross-train and enhance
critical skills

Conclusion. To deal with this critical issue, an education campaign is needed to
prepare all participants in the experimental process. MORS could play a significant
role in this process by developing suitable courses and materials and delivering them
in conjunction with the annual symposium.

In the future, sufficient resources and adequate time for training must be planned (and
protected!) prior to an experimental event. It is recommended that the criterion for
training be satisfaction of specified performance standards vice time allocated to
training (i.e., use of an output measure versus an input measure).

Finally, it is recommended that exceptional steps be taken to attract, retain, cross-train
and enhance the critical skills needed to execute experiments and experimental
campaigns. This would entail a number of personnel actions. First, steps should be
taken to make an experimental assignment an attractive one. As an example, it would
send a strong message if key performers are given preferential
promotions/assignments. In addition, these assignments to the experimentation process
should be of sufficient duration to allow key individuals to spend adequate periods of
time during the experimental life cycle.
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« Selected findings
* Participation has not always been either
» Continuous
* Universal
« Piggybacking is seductively attractive, but is very difficult to
do well
» Conclusions

 All participants need to get involved throughout an
experimental campaign

Selected Findings. Several presentations at the mini-symposium/workshop noted that
participation in experiments has frequently been neither continuous nor universal.
Thus, selected participants have been involved in the experiment sporadically, to the
detriment of the total process. For example, it has not been unusual for assessors to
become involved late in the process, adversely affecting their ability to shape and
implement assessment activities.

The key finding in this category deals with the issue of “piggybacking.” In this
concept, a joint experiment attempts to take advantage of the resources that have been
assembled by a service experiment, to satisfy joint objectives. It was noted that, while
this concept is seductively attractive, it is very difficult to do well.

Conclusions. In order for an experiment to be conducted effectively and efficiently, it
requires a high performance team to work together. This suggests that the key
participants need to get involved throughout an experimental campaign.
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Piggybacking: Concept vs Reality

Concept

The above cartoon highlights the difference between the piggybacking concept and the
reality. In the concept, the joint experiment takes advantage of the resources
assembled by a Service experiment (without adversely affecting the Service’s goals
and objectives).

The reality tends to be quite different. For example, Information Superiority
Experiment (ISX) 1.1 sought to piggyback on EFX 98. By providing $3.4M, ISX 1.1
more than doubled the live fly component of EFX 98, thereby enhancing the value of
the latter activity. However, limitations imposed by EFX 98, adversely affected the
success of ISX 1.1 (see reference 2).

Reference 2 concluded that piggybacking can be successful only if both parties regard
it as a “win-win” experience. To that end, they derived the following necessary
conditions for piggybacking success:

* High level visibility and leverage.

» Formal agreement to collaborate.

* Agreement that piggybacking is equitable for all participants (“win-win”).
»  Sufficient influence on the scenario to tailor it.

» Early involvement in the planning process (e.g., deconfliction, resource
allocation).

» Sufficient resources for training, data collection and analysis.

* A robust experimentation environment; including adequate number,
variety of experimental events, instrumentation and free play
(opportunities to fail).
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Resources

» Selected finding
» Resources need to be allocated in a
balanced fashion; e.g.,
* Pre-, trans-, post-experiment
« Training, operations, assessment,...

* Conclusion

» Key activities which are traditionally under-
funded must be properly resourced; e.g.,
» Pre- and post-experiment
* Training and assessment

Selected Findings. In order to perform an experiment successfully, it requires the
balanced performance of a number of functions. Temporally, it can be viewed as
balance across the phases of an experiment (pre-, trans- and post-experiment) and the
individual functions that must be performed during the experimental life cycle (e.g.,
training, operations, assessments...)

Conclusions. In recent experiments, we have witnessed the failure to allocate
resources across key phases and functions in a balanced way. For example, it has been
reported in reference 2 that the pre- and post-experiment phases of ISX 1.1 were
underfunded and that in numerous other experiments, training and assessment were
underfunded.
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» Selected findings
» No single tool (or class of tools) is adequate
+ Key voids exist in our tools, data and knowledge associated
with New World Disorder issues

» Conclusions
« The FAME (Full spectrum Analysis, Modeling and Simulation,
and Experiment) paradigm should be used
» A mix of multi-resolution tools, with associated data, is
needed to support joint experimentation; e.g.,

« A hierarchy of selected community-accepted M&S (including
new tools that are relevant to the New World Disorder)

» “Boutique” tools that can be created rapidly and run quickly to
help focus activities

Selected Findings. There is a tendency to equate “experiment” with “live Modeling and
Simulation (M&S).” However, the full experimental life cycle calls for multiple
orchestrated tools, subsuming expert elicitation, analysis, system dynamics models,
constructive M&S, virtual M&S, as well as live M&S. In addition, as we begin to consider
the challenges of experimenting with new world disorder issues (e.g., critical infrastructure
protection, peacemaking/peacekeeping), it becomes apparent that key voids exist in our
tools, data and knowledge.

Conclusions. Consistent with the recommendations of the other working groups, it is
agreed that a full spectrum analysis, Modeling and Simulation and Experiment (FAME)
paradigm should be used.

To implement this paradigm, a mix of multi-resolution tools, with associated data, are
needed to support joint experimentation. This tool set should contain both a hierarchy of
selected community-accepted M&S (including new tools that are relevant to the new
world disorder and a set of “boutique” tools that can be created rapidly and run quickly to
help focus activities.
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 Clearly, joint experimentation is in its
infancy...

Based on the presentations that were given at the mini-symposium and the deliberations
during the workshop, it is clear that joint experimentation is in its infancy.
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Dilemma

One manifestation of that immaturity is suggested by the above cartoon. At this point, we
have many theories about new operational concepts that could conceivably revolutionize
warfare, but no conclusive proof that these operational concepts will realize their potential.
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 Clearly, joint experimentation is in its
infancy...

« We believe that joint experimentation
has the potential to illuminate many of
the contentious issues that are at the
heart of transforming DoD...

The Synthesis Working Group believes that joint experimentation has the potential to
illuminate many of the contentious issues that are at the heart of transforming DoD.
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The Value of Experimentation

1 WENT WITH
QUALITY, NOT
QUANTITY

For example, one of the age old issues in DoD is the proper balance between the quality and
quantity of weapon systems. The above cartoon suggests that a well-designed experiment
might shed some light on that issue.
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« However, successfully implementing all
necessary aspects of the joint
experiment framework will NOT be

« Easy; e.g., successfully dealing with
« Planning experimental campaigns

« Educating and training all participants
« Piggybacking equitably and effectively

» Rapid...

However, the Synthesis Working Group concluded that successfully implementing all
necessary aspects of the joint experiment framework will NOT be easy. Foremost
among the obstacles are the challenges associated with successfully planning
experimental campaigns, educating and training all the participants in an experiment
and piggybacking joint experiments equitably and effectively on service experiments.
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Hard to Prove Concepts

“It may very well be the key to immortality;
but, of course, it will take forever to prove it!”

In addition, the Synthesis Working Group concluded that successfully implementing
all necessary aspects of the joint experiment framework will NOT be rapid. As
suggested in the above cartoon, the complexity and dimensionality of the issues will
require a long term commitment before the decision maker will have sufficient
information so that he can transform the DoD with confidence.

References:

1. “Management Actions and Tactics of Innovation,” Under Secretary of Defense
(Policy), 1995 Summer Study, Organized by the Director, Net Assessment, Newport,
Rhode Island, 31 July - 9 August 1995.

2. “Lessons Learmned from Information Superiority Experiment (ISX) 1.1,” D. Alberts,
F. R. Richards, & S. Starr, Proceedings of 1999 Command and Control Research &
Technology Symposium, Newport, RI, 29-30 June, 1 July 1999.
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ACOM
ACTD
AFEO
AFIT
AWE
BOGSATs
C2

C*ISR

CINC
CICS
COBP
CONOPS

DCINC
DMSO
DoD
DoE
DOTMLP
DPG
DUSD
ED
EFX
EXFOR
FAME

FEDEP
FFRDC
FINPLAN
HLA
IAW

ISX
JCFAWE
JE

JROC
JULL
LAN
LCM
M&S

Military Operations Research Society

Joint Experimentation Mini-Symposium and Workshop

ACRONYMS

Atlantic Command

Advanced Concept Technology Demonstration

Air Force Experiment Office

Airforce Institute of Technology

Advanced Warfighting Experiment

Bunch of Guys/Gals Sitting Around A Table

Command and Control

Command, Control, Communication, Computers, Intelligence,
Surveillance and Reconnaissance

Commander-in-Chief

Chairman of the Joint Chiefs of Staff

Code of Best Practices

Concept of Operations. A verbal or graphic statement, in broad outline, of a
commander's assumptions or intent in regard to an operation or series of
operations. The concept of operations frequently is embodied in campaign plans
and operation plans; in the later case, particularly when the plans cover a series
of connected operations to be carried out simultaneously or in succession. The
concept is designed to give an overall picture of the operation. It is included
primarily for additional clarity of purpose.

Deputy Commander-in-Chief (BMDO)

Defense Modeling and Simulation Office

Department of Defense

Design of Experiments

Doctrine, Organization, Training, Materiel, Leadership and Personnel
Defense Planning Guidance

Deputy Under Secretary of Defense (BMDO)

Experiment Directive/Experiment Director

Expeditionary Forces Experiment

Exercise Force

A Full spectrum Analysis employing Modeling techniques, tools and
Experiments

Federal Execution and Development Process

Federally Funded Research and Development Plan

Financial Plan

High Level Architecture

In Accordance With

Initial Insights Memorandum

Information Superiority Experiment

Joint Contingency Force Advanced Warfighting Experiment

Joint Experimentation

Joint Requirements Oversight Council

Joint Universal Lessons Learned

Local Area Network

Life Cycle Management

Modeling and Simulation
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M-E-M
MLS
MOE
MOP
MORS
MOUs
MOUT
M-T-M
NDP
NPS
OASD
OO0OTW
OPFOR
ORSA
OSD
OT&E
OTA
R&D
ROI
SME
T&E
TOR
UFR
USACOM
VIP
VVA
RoE
WMD

Model-Exercise-Model

Multiple Levels of Security

Measure of Effectiveness

Measure of Performance

Military Operations Research Society
Memorandum of Understanding
Military Operations in Urban Terrain
Model-Test-Model

National Defense Panel

Naval Postgraduate School

Office of Assistant Secretary of Defense
Operations Other Than War

Opposing Force

Operations Research/Systems Analysis
Office of the Secretary of Defense
Operational Test and Evaluation
Operational Test Agencies

Research and Development

Return on Investment

Subject Matter Experts

Test and Evaluation

Terms of Reference

UnFunded Resources

US Atlantic Command

Very Important Person

Verification, Validation and Accreditation
Rules of Engagement

Weapons of Mass Destruction
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MILITARY OPERATIONS RESEARCH SOCIETY

Military Operations Research Society
Joint Experimentation Mini-Symposium and Workshop
Terms of Reference
2 February 1999

Background

The Revolution in Military Affairs is transforming not only our technological capabilities, but
also our organizational structure, doctrine, leadership and training requirements. The pace of
change is too fast for us to wait until the technologies are in place before learning how to exploit
them. Experiments are a way to bridge this gap. Well designed and conducted experiments can
point the way to the required organizational, doctrinal and cultural changes that best take
advantage of the opportunities offered by advancing technologies.

Experimentation will play a pivotal role in our journey to Joint Vision 2010 and beyond.
Effective 1 October 1998, the Commander-in-Chief, U.S. Atlantic Command (CINCUSACOM)
is the Defense Department’s Executive Agent for Joint Experimentation. CINCUSACOM has
the authority and responsibility for developing and implementing an aggressive program of
experimentation to foster innovation and rapid fielding of new concepts and capability for joint
operations. The Joint Experimentation Implementation Plan (IPLAN) establishes the
experimentation process and explains how the USACOM Joint Experimentation program relates
to, supports, and leverages the activities of the other components of the Joint Vision 2010
implementation process. USACOM and the services will plan, conduct and assess concept-based
experiments to determine how organization, doctrine, etc. will co-evolve to leverage the capacity
of emerging technologies. Experimentation is an iterative process for assessing concept-based
hypotheses to identify and recommend the best value-added solution for change to doctrine,
organization, training, material, leadership and personnel (DOTMLP) required to achieve
significant advances in future joint operational capabilities.

The analytic community must posture itself to address the analysis of the results of these
experiments. This special meeting, comprising analysts and operational experts, will concentrate
on assessing and improving the community’s ability to plan, conduct and analyze the results of
concept-based experiments laid out in the Joint Experimentation Campaign Plan.
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Goals and Objectives

Goal

The goal of this mini-symposium and workshop is to contribute to planning, conduct, and
exploitation of Joint Experiments by leveraging the experience and expertise of the analytical
community.

Objectives
The mini-symposium will inform participants about the nature of ongoing military
experimental activities.

The workshop will:
Identify ways that concept-based experimentation can contribute to the achievement of JV2010
and other future operational concepts.

1. Identify appropriate metrics, methodologies and tools for concept-based experiments.

2. Identify the critical issues in planning, conducting, and analyzing the results of experiments
including hypotheses generation, experimental control issues (e.g. man-in-the-loop, free
play), measurement and methods of data collection and analysis, the need for replicability,
and training and learning curves.

3. Identify ways to federate and utilize existing models to help address specific hypotheses.
Identify opportunities for developing strategic joint experimentation plans to synchronize
DoD experimental activities.

4. Identify the analytical issues associated with concept development and prioritization.

5. Develop pragmatic guidelines for conducting valid experiments whose results can be shared,
while supporting the needs of the operational community.

6. Evaluate current tools and models to assess their applicability to concept-based experiments
and identify requirements for future analysis tools (e.g. models, simulations, and other
analysis tools or techniques).

7. Establish the practical limits of modeling, simulation, and analysis as applied to large scale
experiments.

Approach

This will be a three-phase effort consisting of pre-workshop working group, a mini-symposium,
and a workshop. The pre-workshop working group will be focused upon considering the nature
and role of experimentation in the process of designing and developing future mission capability
packages. The results of this working group effort will be presented as a point of departure for
the workshop’s deliberations. The mini-symposium directly preceding the workshop will consist
of a number of presentations that address ongoing and planned experimental activities being
undertaken throughout DoD. The workshop will be organized into a set of the following working
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groups that will examine issues related to Joint Experimentation from a number of different

perspectives.
1. Planning Experiments: Individually and as part of a campaign
2. Design of Experiments
3. Preparation & Conduct of Experiments
o Site and Experimental Preparation
e Data Collection and Instrumentation
o Field Test Issues and Restrictions
e Experimental Infrastructure Requirements
4. Modeling/Simulation & War Gaming in Support of Experimentation
e Balance Constructive vs. Live
e M & S in Experimental Design and Concept Development
e M & S to Exploit Experimental Results
5. Assessment & Utilization of Experimental Results
¢ Analysis and Assessments of Concepts; Integration Across Experiments
e "Validation" of Experiments
Synthesis
Tasking

The workshop attendees will be divided into working groups (15-18 members each)
to examine various experimentation issues from a given perspective. Each working

group will:

1. Identify the issues germane to their area;

2. Consider the issues in light of the goals and objectives of the workshop;

3. Assess our ability to plan, conduct, and analyze within the context of the working group;

4. Identify promising approaches, tools, etc.;

5. Suggest actions that need to be taken to improve our ability to undertake the kind of

experimentation program needed.
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List of Working Group Chairs and Co-Chairs

MORS Joint Experimentation Mini-Symposium & Workshop Working Groups & Chairs

Title

Chair

Co-Chair

ACOM
Co-Chair

Synthesis Group
Representative

Planning Experiments

Marion Williams

Col. Steve Myer

Joe Jennings

Dave Signon

Design of Experiments

Bob Sheldon

Daniel Serfaty

Capt Johnson

Dick Hayes

Preparation & Conduct of | Don Eddington

Experiments

Richard Kass

COL Geraci

Ken Jordan

Modeling/Simulation &

David Noble

War Gaming in_Support
of Experimentation

Bill Stevens

Maj Ike
Eichenberger

Russ Richards

Assessment & Utilization

Jackie Henningsen

of Experimental Results

Priscilla Glasow

Linda Weber

Leland Joe

Synthesis

Stu Starr

Dave Alberts

Col Gallinetti

N/A

Administration

Name:
Dates:
Location:
Fee:

Joint Experimentation
8 - 11 March 1999

Armed Forces Staff College
Mini-Symposium Only: Federal Government Employees: $75; All others: $150
Mini-Symposium and Workshop: Federal Government: $180; All others: $360
Attendance: Mini-Symposium — Can accommodate up to 500 people;

Workshop -- Limited to 150 by invitation only

Classification: UNCLASSIFIED
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